THE INSTITUTION 
OF ELECTRICAL ENGINBE^ 

' •' FF;^ ; ., V 


N6^-36. >DhC. 1922. 


INSTITUTION NOTES. 


Honorary Member. 

At the Ordinary Meeting of the Institution on 
the li^Hi.N^ember the President announced that 
the CouiiR^il had elected Professor J. A. Fleming, 
M.A., ,D.Sc., F.R.S,, an Honorary Member of the 
Jnjftitution. 

^Anti-Alroraft Battalion, Royal Engineers 
. (T.A.). 

The Secretary of the fcistitution has been 
requested to give publidty to the foUowirg : 

Members of ih^ Institution are invited to make appHca- 
tion to join thi recently formed (11th) A.A. Battalion, 
'Royal Engineers (Territorial Army), Vhose duties will 
^include the manning of searchlights, sound locators and 
observer sections*connected with the air defences of 
Londoji. Tliis unit, which is under the command of 
Lieut.-Colonel K*. Edgcumbe, late of the London Elec¬ 
trical ^s^neers, is closely identified with that Corps 
and has taken over its former headquarters in Regency- 
street, Westminster. The Battalion comprises four 
companies and about 800 of all ranks. Practically all 
the^officeirs, and a very large proportion of other ranks, 
were members of the Corps of London Electrical 
.Engineers. 

• Ift vi^w of thft fact thiat the Corps of London Electrical 
Engineers waft founded by the late Dr. John Hopkinson, 
then ^^resident, under the patronage of the Institution, 
Officer Commanding hopes that every member of 
tljs Institution vpll do his utmost to encourage the 
members to join the new Battalion, and thus, 
ijp tlae*words of Lord Kelvin, the first Hon. Colonel of 
the London Electrical Engii^jsers, ** promote the utiliza¬ 
tion of tile patriotism and abilities of electrical^ engi¬ 
neers for natio^^al defence." 

Full paiticulars can be obtained from the headquarters 
of the BattaHon, 46 Regency-street, Westminster, 
-§..W. 1. ^ 

% • 

Associate Membership Examination 
Results (October, T9S 2). 

Passed, 

Lye, D. H. C. 


Atkins, R. E. 
^Austin, C. 

Bleach, C. C. 
Cameron-Kirby, C/ 
Deblef, W. J. F. 
Gorton, E. J. 
GresswelJ,. W. F. #f 
Herbert, A. . 
Hine, F^. W. 

Jones, T.T.* 


McClean, T. 
Morrish, H. E. 
Pennell, E. R. 
Smith, C. H. 
Taylor, E. H. 
TeHer, F. P. G. 
Waizbom, H. 
Wflkinsi Q. 
Williams, T. 
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Passed in Part II, 

Badhni-Valla, J. N. « Randall, A» J. 
Braendle, E. W. * West, F. W., J. 

Wright, R. 


Bee, O. K. 


Passed in Part If 

Weston, N. C. 


[The results relating to eSndidates who sat for the 
Examination abroad will be published later.] 

Officers of Corps of Royal Enginei^s. 

♦ 

Passed, 

Lowe, 2nd Lieut. J. PI. B. 
Lucas, 2nd Lieut, A. R. S.- 
McCandlish, 2nd Lieut. 

J. E. C. 

Macdonald, 2nd Lieut. 

D. G. G. 

McDonald, 2nd Lieut. E. 
Mackay, 2nd Lieut. K. 
McMullen, 2nd Lieut. I>.‘ • 
MacTier, 2nd Lieut. K. F. 
Martin, 2nd Lieut. C. J. M. 
Millar, 2nd Lieut. R. K, 
Moscardi, 2nd Lieut. H. L. 
Moss, 2nd Lieut. G. H. B.' 
Oborne, 2nd Lieut. T. D. 
O’Donnell, 2iid Lieut. H. M. 
Palmer, 2nd lieut. G. A. 

2nd Philbricfi, 2nd Lieut. G. 

E. H. 

Prentice, 2nd Lieut. M. 
R. R. 

Ransford, Capt. A. J. 
Rycroft, 2nd Lieuti D: M. 
Saegert, 2nd Lieqt. jTlA. 
Scullard, 2iid Lieut. H. R. • 
Smith, 2nd Lieut. W. A. R. 
Steel, 2nd Lieut. C. D. 
Stowell, 2nd Lieut. E. S. 
StoweU, 2nd Lieut. 
Swettenham, 2ud Lieut. 

N. A, M. 

Tuck, 2nd Lieut. &. N. 
Veitch, 2nd Lieut. W. L. D. 
Walker, 2nd Lieut. A, Ar C. 

gnd Lieiit: 


Abraham, 2nd Lieut. T. E. 
Bader, Lieut. E. 

Baker, 2nd Lieut. G. L. 
Benner, 2nd Lieut. P. K. 
Beyts, 2nd Lieut. W. D. H. 
Bourne, 2nd Lieut. H. J. 
Carden, 2nd Lieut. P. B. H. 
Cavendish, 2nd Lieut. H. P. 
Chase, Lieut. J. L. H. 
Chevis, Lieut. W. J. C. 
Churchill, Lieut. A. R. 
Clark, 2nd Lieut. G. C.* 
Clarke, 2nd Lieut. G. G. S. 
Cleeve, 2nd Lieut. D. W. A. 
Cole, 2nd Lieut. W. S. 
Colvin, 2nd Lieut. E. 

Cook, 2nd Lieut. E. F. B, 
Davidson-Houston, 

Lieut. J. V. 

Doelberg, 2nd Lieut. J. F. 
Drake-Brockman, 2nd 
Lieut. A. G. 

Fraser, 2nd Lieut. D. G. 
Freeman, 2nd lieut. R. C. 
Gayer, Lieut. E. H. T. 
Hancock, 2nd Lieut. L. F, 
Havers, 2nd Lieut. R. H. 
Healing, 2nd Lieut. W. R. 
Hext, 2nd Lieut. F. M. 
Holloway, 2nd lieut. R. E. 
Hudson, 2nd Lieut. S. G. 
Jennings, 2nd Lieut. 
G. W. D. 


Kay, 2nd lieut. H. S. 

Laurence, 2nd Lieut. E. Rf Whitehorn, 

Laurence, 2nd Lieut. R. A. ^ E. W. L. 
l^ese, 2nd Lieut. J. F. M. Wilkinson, 2n<f Lieut. P. L. 
I, Logaa. lieut. A. R, , Wright, 2nd lieut. H. W. 
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• Oommilitees, 192^1983. ^ 

the Committees appointed by the CouncU for 
1922-23 are the following:— ^ 

IlJFOBMkf^ MBBTINOS. 

‘, ^ The President. 

Mr. J. F. Avila. Mr. A. F. Harmer. 

Mr. J. R. Bedford. Mr. E. F. Hetherington. 

Mr. A. B. Easoir. <• Mr. W. Moss. 

Mr. R. Grierson. Mr. F. Pooley. 

Mr. W. E. Warrilow. • 

^ And^ ^ 

The Chainfian of the Papers Committee. 

The ChaiJu^an of the London Students' Section, 

LIlBfiARY AND MUSEUM. 

ThO President. 

Colonel R. E. Crompton^ Mr. W. M. Mordey, 

. Sir A. M. Ogilvie, K.B.E.. 

Mr. R V. Hunter, C.B.E. C.B. 

Prof. r>^.' W. Marchant, Mr. C. C. Paterson, O.B.E. 
D.Sc. 

LOCAL CBNTRES. 

The President. 

fMr. F. G. C. Baldwin. Mr. P. V. Hunter, C.B.E. 

Mr. A. S. Barnard. Prof. E. W. Marchant 

, Prof. W. Qramp, D.Sc. D.Sc. 

Sir J. Devonshire, K.B.E. Sir W. Noble, 
l^r. A. S. Hampton. Mr. A. Page. 

Mr. E. C. Handcock. Mr. F. Tremain. 

J. S. Highfield. Mr. C. H. Wordingham, 

C.B.E. 

"SCIENCE ABSnULCTS.” 

The President. 

Ll. B. AtMnson. Mr. C. C. Paterson, O.B.E 

Mr. W. M. Mordey. Dr. A. Russell. 

.. Representing 

Dr. D. Owen .. \™ r.,, • , „ 

Mr. T. Smith ..Physical Soaety of London. 

SHIP ELECTRICAL EQUIPMENT. 

The President. 

* Prangnen. 

Lfc. B. M. Drake. Major A. P. Pyne. 

A. Hg^erson. Mr. S. G. C. Russell. 

„ I- W. Kempster. Mr. T. A. Sedgwick. 

Mr. J. F. Nielson. Mr. C. H. Wordingham, 

, C.B.E. 

Sir'„W. 

;;|“'>ra-3 E.>gis«rofShippi.j. 

Two representativesP^®ctrical and* Allied 
^ _ • V Manufacturers' Association. 

T. Carlton .. Board of Trade- 
Mr. W. Crc^ .. Electrical Contractors' Assoda- 

o' V 

Mr. J. Foster King British Corporation for the Snrv(5y* 
affidjlegistry of Shipping. • « 


SHIP ELECTRICAL EQUIPMENT —* 

^ ^ ,m • rinstitution of pngineds 

Mr. T.'Lowson ,.«| Shipbuilders<in Scotland. . 

I Electrical Contractors' , Assop^"' 
tion of Scotland. 



Shipbuijjfe: 
WIRELESS SECTION.* 

Professor G. W.. O. Howe, D.Sc. ^Chairman), 
Thd President. 

Mr. B. Binyon, O.B.E. Capt. H. J ^ounA^M.C 

Mr, S. Brydon, D.Sc. ‘ 

Mr. R. C. Clinker, 

Dr. W. H. Eccles, F.R.S 

_ X T IT. ^ * 


L. Fortescue, 


Dr. A. Russell. • 

Capt. H. R. Sankey, C.B*# 
C.B.E., R.E. 

Mr. R. L, Smith-Rose. 

Air. A. A. C. SwintoiJp 
F.RS. 


Prof. C. 

O.B.E. 

Mr. G. H. Nash, C.B.E 
Mr. C. C. Paterson, O.B.e: Mr. L. B. Turner. 
Mr. J. St. Vincent Pletts. 

And * 

Capt. C. E. Kennedy-Purvi^ R.N. 

Lt.-Col. H. Clem^ti Smith, D.S.O. 

Major H. P. T. Lefroy, D.S.O., M.C 
Mr. E. H. Shaughnessy, O.B.E. 


^Representing 
^Admiralty. 
War Office. 
Air Ministry. 
Post Ofi|ce. 


WIRING RULES. 

The President. 


Mr. Ll. B, Atkinson. 
Mr. J. W Beauchamp. 
Mr. H. J. Cash. 

Mr. J. R. Cowie. 

Mr. W. Cross. 

Mr, J. Frith. 

Dr. C. C. Garrard. 


Mr. P. V: Hufitfit,v C.B.E. 
Mr. Sj W. Mglsom. 

Mr. J. F» Niel^n. 

Major A. P. P3me'. 

Mr. E. Ridley., t • 

Mr. C. P. Sparks, C.B.E,. 
Mr. C. H. Wordingham^ < 
C.B,E. • 

Representing 


[British Electrical and Alli^ Manu^ 
' facturers* Association. 


And 

Mr. E, G. Batt .. 

Mr. H, H. Berry. .• 

Mr. J. R. Dick .. 

M[r. A. R. Everest 
Mr. Rodgers . .. ^ 

Mr. W. F. Bishop Cable Makers' Association, 

Sir T? O. Callender at . , ^ . 

Mr. J. F. W. Hooper /Cable Makers (unQf&cially). 

Mr. W. R. Rawlings "i Electrical Contractors' Associa. 
Mr. S. H. Webb .. / tion. 

Mr. I:. T. B. Lowdon Contractors', Associa* 

\ tion of Scotland. 

Mr. B. M. Drake .. Contractors (unofficially). 

Mr. A. C. Cockburni 

Mr. S. G, C: Russell >Fire Offices (unofficially). 

Mr. A. L. Taylor .. I • 

Mr. J. Christie ., 11ncorporated Municipal Electrical 
Mr, F, W. Purse .. / Association, 

Mr. E. T. Ruthven Vlncorporated Association ^ Elec-* 
Murray .. ,. J Power Companies. 

{ Conference of Chief Officials of 
the Londoif Electric Supply 
Companies. , 

Mr. T. M. Oowdy*.. of Supervi^g Elec* 

\ tridans. 


&ECTIOML COMMITTEES. 

* Lighting and Power. 

The President. 

J, W. Beauchamp. Mr. E. T. Ruth^^n Murray. 
Mr. J..R. Bedford. Mr. Ar Page. 

Mr. K.. A. Chattock. Mr. G. W. Partridge. 

Mr. R. Grierson. Mr. C. P. Sparks, C.B.E. 

Mr. A. P. Harmdt. Mr. W. B. Woodhouse. 

Eleotrioity in Minhs. 

The President. 

Mr. W. A.^Chamenv Mr. W. M. Selvey. 

Dr. C. ,C. Garrard. Mr. C. P. Sparks, C.B.E. 

]\jfr.*J..A. B. Horsley. Profr M. Thornton, 

Mr. W. C. Mountain. D.Sc., O.B.E. 

Mr. W. H. Patchell. Mr. W. B. Woodhouse. 

Traction. 

Tie President. 

Sir J. Devonshire, K.B.E. Mr. A. H. W. Marshall. 

H. W. Firth. Mr. G. W. Partridge. 

Lt.-Col. F. A. Cortez Leigh. JVIr. J. Sayers. 

Mr. F. ^ydall. » Mr. R. T. Smith. 

Mr. B. Welbourn. 

Electro-Chemistry and Electro-Metallurgy. 

The President. 

Mr. W. A. Chameh. Mr. W. M. Moirnson. 

Mr.^W. !l^. Cooper. Mr. J. Swinburne, F.R.S,, 

Prqf.* W. Cramp, D.Sc. and 2 members to be 
Mr. S. E. Fedden. co-opted by the Com- 

Mr.#W. M. Mofdey mittee. 

Telegraphs and Telephones. 

The President. 

Sir Charles Bright, F.R.S.E. Sir W. Noble, 
p:, Brown. Mr. T. F. Purves. 

Dn .W. fi. Ecdes, F.R.S. Mr. F. Ryan. 

Mir. S. Evershed. Mr. J. Sayers. 

Mr. H. H, Hai^fison. Mr. F. Tremain. 

Representatives of Tlie Institution 4>n 
. ’ . Other Bodies. 

The following is a list of representatives of the 
Institution on other bodies and the dates on which 
they were appointed 

Birmingham Chamber of Commerce: 

]V^. S. T. Allen .(27 March, 1919). 

Bradford Public Libraries Committee: 

Mr. -.T. Rqjesl (27 Feb., 1919). 

Bristol University: 

Mi. i|. F. Proctor (6 Dec., 1917). 


British Electrioab and Allied Industnies Research Associa¬ 
tion : 

Mr. LI. B. Atkinson (2 April, 1919). 

Dr. C. C. Garrard (30 Oct 1919). 

Mr. F. Gill, O.B.E. (2 ifov., 1922). 

Mr. C. C. Paterson, O.B.E. (4 Oet., 1917). 

Mr. R. T. Smith (30 Oct., 1919). 

Mr. C, P. Sparks, C.B.E. (4 Oct., 1917). 

Mr. C. H. Wordingham, C.B.E. (4 Oct., 1917). 

Sectional Committee on Electric Control Apparatus 
Recearch : 

Mr.^C, H. Wordinghahi, C.B.E. (22Tsrov., 1920). 
Major H. C. Gunton (2 Feb., 1921). 

British Electrical Development Association: 

Mr. R. Hardie (27 Jan., 1921). 

Mr. H. J. Cash (19 Jan., 3^922). 

Mr. C. H. Wordingham, C.B.E. (18 Sept., 1919). 

British Empire Exhibition, 1924 (Eleciji^i^al and Allied 
Engineering Committee): 

Sir A. M. Ogilvie, K.B.E., C.B. (23 June/,i922). 

British Engineering Standards Association: 

Main Committee : 

Col. R. E. Crompton, C.B. (2 April, 1914). 

Sir John Snell (2 April, 1914). 

Mr. C. H. Wordingham, C.B.E. (26 Feb., 1929). 

Sectional Electrical Committee : 

Mr. F. Gill, O.B.E. (21 May, 1914). 

. Mr. J. S. Highfield (21 May, 1914). 

-Mr. R. T. Smith (21 May, 1914). 

Mr. W. B. Woodhouse (19 Dec., 1918). 

Mr. C. H. Wordingham, C.B.E. (18 Nov., 1916). 

Sectional Committee qyi British Standards in Colonial 
and Foreign Trade : ^ 

Mr. C. P. Sparks, C.B.E. (26 Oct., 1916). 

* • * 

Sectional Committee on Machine Parts and their 
Gauging and Nomenclature : 

Mr. J. H. Rider (8 Feb., 1917). 

Electrical Nomenclature and Symbdls Sub-Committee 
Mr. C. C. Paterson, O.B.E. (8 Jan., 1920). 

Overhead Transmission Lines Material Sub-Committee 
Mr. C.. H. Wordingham, C.B.E. (30 Oct., 1919). 

‘ Pipe Flanges Sub-Committee : 

Mr. W. M. Selvey (14 April, 1921). 

Panel on Steel Conduits for Electric Wiring : 

Mr. H. J. Cash (28 Sept., 1922). 

Mr. J. M. Crowdy (28 Sept., 1922). 

Conference on StCmdardization of Ball and Roller 
Bearings: 

Mr. W. M. Selvey (26 Ju*y, 1921). 

Oorrosioji Research Committee^. Institute of Metals: 

Mr. W. M. Selvey (18 May, 1922). 

Darlington Board of Invention and Research: 

Mr. R. M. Longman (16 May, 1919). 

Mr. J. R. Lunn (16 May, 1919). 

Mr. H. G. A..Stedman^(16May, 1919). 



Fuel Boonomy Oommlltee,' British Assooirtion : 

Mr. C. H. Wordinghain, C.B.E. (9 Jan., 1919). 

®®*^*^* of *80161106 and Teohnolo^y, Q-oyeming 

Mr. W. M. J^ordey (30 Oct., 1919). 

Bnperial Hineral Resources Buyean Conference: 

Mr. J. H. Rider (23 Jan., 1919). 

Mr. W. Bn Woodhouse (23 Jan., 1919). 

■ Copper Committee : 

Mr. B. Welbourn (18 Sgpt., 1919). 

Miscellaneous Minerals Committee : 

^ Wilson (18 March, 1920). 

*”commlttee^ Engineers, Engine and Boiler Testing 

Mr. R. A.. Ch^Qck (19 Oct., 1922). 

Mr. C. P. Sparks, <^B.E. (19 Oct., 1922). 

Commission, British National 

iJilUninatlon Committee: 

Br^.' W. C. Clinton (13 Dec., 1917). 

Mr. K. Edgcumbe (27 Nov., 1913). 

Mr. Percy Good (18 §ept., 1919). 

Mr. H. T. Harrison (27 Nov., 1913). 

Prof. J. T. MacGregor-Morris (27 Nov., 1913). 

*^1don CommtttSf Congress, 1923, General Organi- 
Mr. F. Gill, O.B.E. (2 Feb., 1922). 

International Scientiflo Unions: 

Committee on International Union in Physics : 

Dr. A. Russell (18 March, 1920), 

Committee on Internotionca Union in Radio- 
Telegraphy : 

Dr. W. H. Eccles, F.R.S. ^18 March, 1920). 

^of. G. W. O. Howe, D.Sc. (18 March, 1920). 
Prof. E. W. -Marchant, D.Sc. (18 March, 1920). 

International Smoke Abatement Exhibition, 1922; 

Mr. J. W. Beauchamp (26 July, 1921). 

Mr. J. S. Highfield (26 July, 1921). 

Leeds Oivlc Society: 

Mr. E. C. Wallis (27 March, 1919). 

Leeds Municipal Technical Library Committee; 

W. B. Woodhouse (19 Dec., 1918), 

MetaUiferous Mining (Cornwall) School, Goyeming Body: 
Mr. J. S. Highfield (18 Sept., 1919). 

"o^rttee*f”“**®“* I>«F«taent» Nitrogen Products 
Sir John Snell (12 Opt., 1916). 

*Pr!5e'3^s“‘^*'^ Disposal of Surplus Goyerjunent 
Mr. J. S. Highfield (13 Feb., 1919). 


National Committee for.Phjylcs (Royal Society) 

Df* A, RtassHl (16 Dec., 1920). 

National Committee in Radio-Telegraphy (Royal Society): 
Dr. W, H. Eccles, F.R.S, (4 Aug., 1920). 

Prof. E. W. Marchant, D.Sc, ^ Aug., 1920). 

National Physical Laboratory, General Board: 

Mr. LI. B. Atkinson (21 Oct., 1£20). 

Mr. C. H. Wordingham, C.B.E. (22 Nov., 1917). 

Paris Conference on fa.H.T. Lines: 

Mr. P. V. Hunter, C.B.E. (26 July^ 192D. 

Mr. E. B. Wedmore (26 July, 1921). 

. Mr. W. B, Woodhouse (26 July, 1921). 

Paris Conference oie Bteights and Measures: 

Sir R. T. Glazebrook, K.C.B., D.Sc., F.R.S 
(14 April, 1921). 

Dr. A. RusseU (14 April, 1921). 

Professional Classes Aid Council: 

Mr. W. B. Esson (26 July, 1921^. 

RSntgen Society'Adyisory Committee for British X-in.T 
Industry; ' 

Dr. W. H. Eccles, F.R.S. (21 Feb., 1918^ 

Mr. J. E. Taylor (21 Feb., 1918). 

Royal Engineer Board: 

Mr. C. H. Wordingham, C.B.E. (7 April, 1921). 

Scientific and Industrial Research Advisory Council, Engi¬ 
neering Committee: j » s* 

Mr. J. S. Highfield (9 March, 1916). 

Scientiflo Societies, Conjoint Board of: 

Mr. C. C. Paterson, O.B.E. (ff Dec., 19201 
Dr. A. Russell (9 Dec., 1920). 

Education Committee : 

Dr. A. Russell (12 Oct., 1916). 

Society of Radiographers: 

Dr. A. Russell (26 May, 1922). 

♦ 

Trani^ort Ministry, Advisory Panel and Committees: 

Mr. LI. B. Atkinson (30 Oct., 1919). 

Sir J. Devonshire, K.B.E. (30 Oct., 1919). 

Mr. J. S. Highfield (30 Oct, 1919). 

%tr. R. T. Smith (30 Oct., 1919). 

Sir John Snell (30 Oct., 1919). 

Mr. C. P. Sparks, C.B.E. (30 Oct, 1919). 

Mr. C. H. Wordingham, C.B.E. (30 Oct, 1919). 

War Office Committee on Engineer*Oi^an]zation: 

Mr. C. H. Wordingham, C.B^E. (10 Aprfi, 1919). 

Women’s Engineering Society: 

Mr. A. P. M:. Fleming, C.B.E. (14 April, 1921). 
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Local Honorary Secretaries Abroad. 

The Council have appointed ^r. Gano Dunn to 
be Local Honorary Secretary of the Institution 
for the Unitifcd States of America, and Mr, M. L. 
Kristianse#! for Norway, 

Summer Meeting:, < 1023. 

The Council have accepted an invitation from the 
Committee of , the JTorth-Western Centre to hold a 
Sufnmer Meeting of the Institution in Manchester, 
Liverpool and North Wales from 5th to 8th June, 
1923. Full pa^jticulars will be circulated later. 

Members Visiting the .*11.8.A. 

The attention of members is drawn to ah arrange¬ 
ment between the Institution and the American 
Institi^jLe of Electrical Engineers for the mutual 
granting of facilities and privileges as Visiting 
Members to members of the two societies visiting 
each other’s^ country. 

Members who* iritend to visit the United States 
of America and wish to avail themselves of this 
arrangement should apply to the Secretary of the 
Institution for a letter of introduction to the 
Anaerican Institute of Electrical Engineers, stating 
in wha?t branch of the profession they are engaged 
and giving the name of the firm or company (if any) 
with which they are connected. 

Inteimational Conference on E.H.T. Power 
Transmission. 

The Proceedings of the above Conference, jft^hich 
was held at P^ris in November, 1921, and at which 
12 countries were represented, have ^ recently been 
published by,the Union des Syndicats dc TElec- 
tricite. 

The Proceedings coniprise 1200 pages, and 360 
illustrations, and contain : (1) an introductory note 
in regard to the aims and work of the Conference ; 
(2) a . general account of the proceedings by M. 
Boucherbt; (3) the full text of the 68 Reports 
presented to the Conference; and (4) revised reports 
of the discussions! 

The Proceedings wiH not be reprinted, and only 
a limited number of copies will be available for 
non-subacribe^ 16 the Conference. Any membe». of 
the Institution desirous of obtaining a copy should 
therefore make early. application tt> the Union , des 
Syndicafsrde TElectricitl, 26, Boulevard Malesherbes, 
Paris.* The pice is 100 francs per copy. 

c 


Informal Meetings. 

The following Informal Meetings have been heSd- 

r 

33rd ^Informal Meeting {6th November, 1922). 
Chairman ; Mr. F, Gill, O.B.E. 

Subject of Discussion : “ The Importa^e of -Cpflo&i 
mercial Knowledge to the' Engineer ” (introduced by 
Mr. F. GUI, President). 

Speakers : Messrs. F. Pooley- "W. E. Rogers, F. • H. 
Masters, L. W. Phillips, W. H. Lawes, R. W. Hughman, 
A. Wright, A. F. Harmer, f. RosUng, G. V. Twiss, 
P. Dunsheath, E. F. Hetherington, R! C. Andersen, 
F. A. Sdater, R. Grierson, and A. Rosen. 

34th Informal Meeting (20Tg November, 1822). 

Chairman : Mr. W. E. "Vi^rilow. 

Subject of Discussion: "Electric Light Wiring” 
(introduced by Mr. F. J. Pearce). 

Specters : Messrs. F. Peake Sexton, A. F. Harmer, 
W. E. Rogers, W. L. Wreford, W. F. Bishop, P. Rosling, 
W. Fanghanel, E. H. Freeman, L. M. Jockel, A. G. 
Hilling, A. T. Smee, E. Turle, C. J. Banster, P. Duns¬ 
heath, F. E. PhiUips, P. D. Dale, M. Whitgift, C. T. 
Walrond, J. R. Bedford,. G. J. D. Scott, and W. E. 
Warrilow. 

35xh Informal Meeting (4th December, 1922). 
Chairman : Mr. J. P. Avila. 

Subject of Discussion: "Au'-Electrical Installation 
at a Model Farm (introduced by Mr. p. A. Sdater), 
Spedkers: Messrs. R. Borlase Matthews, W. E. 
Rogers, H. F. Young, J. Coxon, C. A. Edwards, W. J. 
Minton, A. H. Dixon, W. E. Warrilow, C. T. Walrond, 
A. G. HiUing, P. Dunsheath, J. F.'Caine, F. Pooley, 
W. L. Wreford, J. R; Bedford, B. Sballis, E. B. Rook, 
and H. W. Richardson. 

36th Informal Meeting (18tii December, 1922). 

Chairman: Mr. J. R. Bedford. 

Subject of Discussion : " Time Switches ” (intro¬ 

duced by Mr. E. E. Sharp). 

Speakers: Messrs. F. B. Nathan, W. L. Wreford;' 
C. T. Walrond, F. Pooley,. J. R. Bedford, W. E. Rogers, 
A. G. Hilling, G. IJ- Malcolm, A. Kirk, R. V. Hook. 
H. H. Long, F. R. C, Rouse. J. F. AvUa, and G. J.-D. 
Scott. 

37x11 Informal Meeting-(8th January, 1923). 
Chairman : Mr. R. Grierson. 

Subject of Discussion : " The Protection of Inventipns 
by Letters Patent ” (iiitrpcUiced by Mr. E; W. Moss) 
Speakers: Messrs. W. E. Rogers, A. J. Harmer, 
p. F. Hetherington, J. R. Bedford, P. G. A. H.' Voigt, 
A. G. Evans, W. L. Wreford, C. S. Parsons. J. L. 
Girling, M- Whitgift, A. S. Carnegie, F. W. Foster, R. V. 
Hook; C. L. Arnold, J. D. Scott, and R. Grierson. 
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‘^Les Annales des Posies, Teldgraphes et 
T6J,6phones.” 

The Secretary is inforhied that the above publi¬ 
cation, which for several years past has been issued 
every two months by the French Post, Telegraph 
and .Telephone Department, wdl become from the 
1st January, ^1'923, a monthly publication. The 
price will ^continue to be 24 francs for subscribers 
in France, and 27 francs ^for subscribers*^ abroad. 
The publishers are La Libraire de TEnseignment 
Technique^, Rue Th^iard, Paris, to whom sub¬ 
scriptions should be sent-. 


The Britisli Biectrioal and Allied Indus¬ 
tries Research Association. 
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HALF-YEA"RLY REVIEW OF PROGRESS 
(JANUARY. 1923). 

Section A; Fisfious Insulating Materials. 


Classification and nomerCclatwe. —^The clasaifirg H on of 
iiia,teriAls. uses And requiremonts hns now been com¬ 
pleted for all the fibrous materials and materials with 
a fibrous base dealt with hitherto by this Association, 
thus fur ni sh in g a firm foundation for future study. 
The detailed study of varnishes has only been com¬ 
menced recently and the classification is incomplete. 

Methods of Methods of testing have now 

been developed for aU the materials dealt with and 
have been fully described in the publications of the 
Association, the work on varnished fabrics being how¬ 
ever, not quite complete. . ' 

Purchasing specifications. —^Based on the above and 
the results of the numerous investigations which have 
been made, tfie Association is now drafting simplified 
recommendations applicable to the preparation of 
Brifish Standard Purchasing Specifications in connec¬ 
tion with all the materials in the fibrous group ripe for 
standardization. 


Improvement of materials. —As a direct result of the 
attention given to certain features, improvements can 
^eady be recorded m the quality of materials manu¬ 
factured. Attention is now being directed to the study 
of specie sources of weakness which have been traced 
through the work already done, and to the development 
of new materials having better characteristics. 

Attention IS being given to shellac, amongst other 
materials, with a view to obtaining better adhesiveness 
Md temperature characteristics, and comparison is 
beiiJg made with alternative materials. 


Section B : Composite Insulating Materials. 

The ei^ei^ental tests on heat-resisting properties 
,axe now practically completed, which wiU furnish the 
Mcessary ^a for the completion of a specification on 
these prop^es. A provisional classification has been 
made of nlbulding properties of composite insulating 
^tei^s, and some att^tipn has been given also to 

^th ^Mcati^TiS^°” “Sulating oils op contact 


SeCJ^ION C : PORCEIyMN. 

The Association is awaiting a full report fromothe 
investigator, but the following may be noted mean- 
while 

Electric strength. —A series of investigations of electric 
strength under momentary stresses has been practically 
completed, covering a temperature range from normal 
to 300° C., and some progress made with tests under 
prolonged stress. ; 

Resistivity.^A large variety of samples varying in 
composition and mode of manufacture tested 

for resistivity at temperatures from 70° C. uprto 1 200° C. 
Samples suitable for furnace work have not yet been 
tested. 

Porosity and vilification. —Some progress has 'been 
made in the study of porosity by electrical methods, 
and uniformity of vitrification by immersiqn in water 
under high pressure. 

Surface deposits. —Xfie study of surface deposits from 
the atmosphere has presented iinexpected difficulties, 
but further tests are being made in cp-operation with 
the G.P.O. 

Thermal expansion. on thermal expansion 
have been arranged in co-operation with an interested 
Government Department. 

Mechanical properties.— are being obtained 
for tests on mechanical properties. 

Section D : Mica and^Micankte. 

MiVas.—Further tests have brou^^t out important 
features in the study of mechanical properties of mica, 
especially flexibiUty, and -a survey of these properties 
is now being made on a small scale. 

Micanites. —^Methods of stud 3 dn;g the properties qi 
micamte have been developed with a yiew to <Slie pro¬ 
duction of a purchasing specification, and the eljfcmina- 
tion of undesirable material. Work is nearly completed 
on the following: Uniformity and limits of thickness ; 
percentage of moisture, adhesive, mica and reinforce¬ 
ment ; quality of splittings; softening temperature; 
mouKUing temperature; electric strength; pepKlTtstivity ; 
surfage resistance ; tensile" strength. 

A report on the classification of micanites, with notes 
on their manufacture, uses and charact'^ristics, is about 
to be issued. 

Section E : Insulating Oils. 

Electric strength and resistivity. —^The detailed inves¬ 
tigation into the relative merits of the horizontal and 
vertical placing of the spherical electrodes used in 
electric strengtli tests has now bi^en completed and has 
shown that the horizontal arrangement is the betteB^ 
for the purpose. 

An attempt is being made to. develop £l method of 
testing electric strength ehmifihting the expensive high- 
voltage transformer equipment now necessary. 

jpast research on the effect of the jf^esj^nce of different 
kinds of impurity on electric strength and resistivity 
has been reviewed in detail and a new series, of researches 
commenced. 

Centrifugal ^eparaiion. —^Further tests have been 
made and arranged for the investigation oxethe fherits 



( V ) 


of centrifugal separators for oil puriiicatib’n witti a view 
to discovering the technical and commercial limitations 
of apparatus now available, and assisting in the develop- 
.ment of tliis promising method. 

• Sludging tests. —Opportunity ha*!5 been taker! of the 
presence in this country of experts from the XJ.S.A. and 
the Continent to discuss the methods of sludge testing 
in use and under development in those countries. 
Attempts are being made to develop a simpler test than 
now in use. 

Physical co'^stanis. —Reports have been received on 
latent llfeaft, vapour pressure, thermal conductivity and 
specific heat, and are under consideration. 

Thermal transference. — A repoi't has been received on 
♦hefmal transference and is under eonsideration. 

Section F : Conductors. 

Heating of buried* cables.••w-Good. progress has been 
made in the preparation of the Report on “ Permissible 
Current Loading of 43ritish Standard Paper Insulated 
Electric Cables,-* being iHie second - report on the 
research on the heating of buried cables, and it is 
hoped to present the report to the Iifstitution of Elec¬ 
trical Engineers in a few weeks* time. 

WooTl poles for Overhead lines. —A report on the tests 
made on single A and H poles has been issued to inter¬ 
ested members of the Association. Progress has been 
made towards clearing up the numerous important 
questions raised by that report, and a further pro¬ 
gramme o# tests will be put in hand shortly. 

Overhead line materials.-^Keports have been com¬ 
pleted on the tests made under working conditions on 
the mechanical properties 'of copper and aluminium 
.wires and cables, and galvanized steel and steel-cored 
aluminium cables, and it is expected that these will be 
published shorWy. 

'Section G : Electric Control Apparatus. 

Phenomena of ^witching and arcing. —^The researches 
on oil circuit breakers are now in full activity, a unique 
installliion of testing apparatus having been developed 
and. eirecfed at the Carville..power station of th^ New¬ 
castle-upon-Tyne Electric Supply Co., at a opst of 
several thousand pounds. The larger part of the 
original programme of experimental work has already 
been completed, and in view of the importance of this 
Research ^to the whole industry, and especially to large 
Users and suppliers of electricity, the Association is 
appeahng for their co-operation so that full advantage 
may be taken of the exceptional opportunity at present 
available for further experimental research and develop¬ 
ment. 

Mining switchgear. —^The researches on the develop¬ 
ment and relief of pressure in mining switchgear are 
being continued under the auspices of the Technical 
Appliances Committee dl; the Safety in Mines Research 
Board, and a further report is expected shortly. 

Fusible cuUpum. —^A comprehensive survey of pub¬ 
lished inJEormation on fusible cut-outs has been com¬ 
pleted and ^ critical r6sum6 prepared, which will form 
a firm JEgundation for building up future research 
programmes. A report is in preparation on the tests 
madb on. ordinary-duty fusible cut-outs. 


Air-break circuit breakers.'—The continuation of re¬ 
searches on air-break circuit breakers awaits the 
provision of the necessary facilities. 

Resistivity of joints and contacts. —Further tests have 
been made on joints in large -installations of switchgear 
and a report is expected shortly. Arrangements have 
been made for continuation of the experimental 
researches at the National Ph37sical Laboratory. 

Research on contactors. —^A programme of endurance 
tests on ^contactors has been prepared aiwi the work 
awaits the provision of the necessary funds. 

Section H : Corrosion Resear^^es. 

The Association continues to co-operate with the 
Institute of Metals, and the researches on corrosion of 
steam condensers are maintained in full activity. The 
sixth report of the Corrosion Research Committee has 
been received, dealing with the nature of corrosive 
action, the function, of colloids in corrosion and the 
corrosion of copper. 

Section J : Turbine Researches, 

Nozzles research. —A further report of the work in 
which the Association shares is about to be published 
by the Institution of Mechanical Engineers, 

Blading research.—The tests arranged on blading 
material have been practically completed and a report 
is awaited. 

Properties of steam. —-The researches on the properties 
of steam at high temperatures and pressures are in full 
activity, and other work bearing on the behaviour of 
steam in turbines. 

Section E:: Synthetic Resins. 

Varnish-paper boards and tubes. —^A series of tests' 
carried out on samples from a variety of sources has 
shown very wide divergences of quality* Further tests 
are now being carried out on the more promising 
materials, especial attention being given to the "elec¬ 
trical characteristics at radio frequencies and to the 
mechanical properties.. As the result of these tests 
manufacturers are giving close attention to features 
which have been shown capable of marked improvement. 

Moulded materials. —A representative collection of. 
samples from British and foreign sources has now been 
made and an experimental investigation put in h^d, 
in which the Royal Aircraft Establisliment is co¬ 
operating. 

Section L : Dielectrics in General. 

Dielectric The investigation on diielectric 

losses has now been extended to radio frequencies, 
especial attention being given to the synthetic resin 
product?. Work on micas has been practically com¬ 
pleted, and a report is expected shortly on varnished 
fabrics. 

Good progress has beon made in the developmeni: 
and application of catliode ray tubes. 

Thermal resistivity. —^A considerable number of further 
measurements of thermal resistivity have been made 
showing, the effect of different method^ of construction 
of the finished product. Shortage of funds will heces- 
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sitate this important investigation being brought to 
a close at an early date. 

Effect of heat on ^ectrical insulating materials ,— 
Recommendation^ for classification and nomen¬ 
clature of the heat-resisting properties of dielectrics 
have been prepared and transmitted to the interested 
Committees of the British Engineering Standards 
Association and the Institution of, Electrical Engineers. 
Methods of test hre being developed and, made applic¬ 
able to the^whole range of materials in question. The 
same procedure is being extended to cover the effect of 
temperature qn the electrical and mechanical properties. 

Electric ^rength, —preliminary report has been • 
received on the tests made to show the relative accuracy 
of certain laboratory and workshop methods of testing 
electric strength, and bringing out some quite un¬ 
expected and important features which are receiving 
further attention. 

Comprehensive recommendations are in preparation 
coverjlng methods of testing the electric strength of all 
kinds pi insulating materials. 

Section M : Wave-form. 

The preparation of a programme of experimental 
work awaits the results of further study of what has 
been done elsewhere. 

I 

Section Z : Unclassified, 

Die castings. —The Association is co-operating with 
others in preparing a scheme of research for improve¬ 
ments in the manufacture and use of die castings. 

Flicker in electric lamps, —^An investigation has been 
made into the limiting conditions under which objec¬ 
tionable flicker is produced in electric lamps by cyclic 
variations of supply voltage. 

Aocessions to tlie Lending Library. 

Avery, A. H. Dynamo design and construction. 

8vo, 263 pp. London, n,d, 
Broughton, H. H. The electric handling of materials, 
vol. 3, Electric cranes. 

4:to. 352 pp. London, 1922 

Carslaw, H. S. Introduction to the mathematical 

theory of the conduction of heat in solids. 2nd ed. 

8vo. 280 pp. London, 1921 

♦Carter, F. W. Railway electric traction. 

8vo. 420 pp. London, 1922 

Cushing, H. C., jr. The electric vehicle hand-book. 

sm. 8vo. 388 pp.^ New York, [1918] 
Few^. ft. P. Elementary determinants for electrical 
engineers. sm. 8vo. 98 pp. London, [1922] 
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GoudiR) W, •j'., D,Sc, Steam turbines. 2nd ed. 

8vo. 822'*]^. London, 1922 

Kearton, W. J. Steam turbine theory and prac&ce. 

8vo. 472 pp. London, 1922 

Keen, R. Direction and position finding by wireless: 

" 8vo. 376 pp. London, 1922 

Kemp, P. Alternating current elec^cal engineering. 

[2nd ed.] 8vo. 626 pp. London, 1922 

Lawrence, R. R. .Principles of alternating currents. 

8vo. 446 pp. New York, 1922 
Main, F. W. Electric cables : a practi^s^l tr^tise on 
the construction, properties, installation^i and main¬ 
tenance of electric cables. For junior engineers, 
students, and those in charge of works and factories. 

sm. 8vo. Ill pp. London, 192l! 

Matthis, a. R. Insulating varnishes in electro¬ 
technics. Preface by E. Pi^rard. Transl. by A. 
Russell. 8vo./’283 pp. Manchester, [lff22] 

Me.\res, J. W., CJ,E. The layj:, relating to electrical 
energy in India. 2nd|^d., revised. 

8vo. 403 pp.o Calcutta, 1922 
Mittell, B. E.^ G. Continuous wave wireless tele¬ 
graphy. sm. 8yo. 129 pp. London, 1922 

Poole, H, E. Switching and switchgear. 

sm. 8vo. ' 127 . pp. London, 1922 
Price, H. W., and Duff, C. K. Papers on current 
transformers. (University of Toronto, School of 
Engineering Research, Bulletin No. 2^ 1921.) 

8vo. 6S pp. Toronto, 1921 
Rasch, E. Electric arc phenomena. Transl. by K. 

Tornberg. 8vOv 210 pp. New York, ^913 

Robinson, S. M., U.S.N. Electric ship propulsion, 

8vo. 280 pp. Ne^ York, [1922} 
Scott-Taggart, j. Elementary tSct-book on “^wireless 
vacuum tubes. 4th ed. 

8vo. 262 pp. London, {1922] 
Smith, C. F. The testing of transformers ^and alter¬ 
nating current machines. 

sm. 8vo. 102 pp. Londoi^, 1922 
Tatt^sall, a. E. Modern developments hi ml^yay 
signalling, A treatise dealing with the theory and 
application of—(1) Track-circuiting; (2) Power 
signalling, and (3) Automatic train control. 

8vo. 209 pp. London, 1921 
XAYffOR, W. T. Electric power systems. 

sm. 8vo. 119 pp. London, 1922 
Van der Bijl, H. J. The thermionic vacuum tube 
and its applications. 

8vo. 410 pp. New York, [1920] 
Wanamaker, E., and Penning?xon,. H. R. Electric 
'arc welding. 8vo, 265. pp. New York, [1921J" 
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Faraday Medal. 

At the Council Meeting held on the 15th Februaiy 
the second award of the above Medal was made to 
t|ie* H*on. Sir Charles Algement Parsons, 

F.R*S., Honorary Member of the Institution. 

War Tli8iStiksgrf.vlng Education a.rA Research. 

Pund (No.’l). 

• • 

•The Council have made, a grant for 1923 in con¬ 
nection Mifith the above Fund to Mr. R. H. Holmes, 
'a student at the Armstrong College, Newcastle-upon- 
Tyne. 

T^ar Memorial Pond Soh.olarsh.ips. 

Out of the balance of the above Fund it has been 
decided to establish two scholarships, each of the 
value of £gO*per annum and tenable for three years, 
to provide for the education of children of members 
of the Ii^titution who were killed or permanently 
disaUed in the late War. 

. Applications, giving full particulars as to general 
and*fm^cial cfrcumstances, should be addressed to 
the Sedetary* df the Institution, Savoy-place, Vic- 
toria-^bankment, W.C. 2. 

Annilal Oonversazione. 

T^e *.4^ual Conversazione will be held at* the 
Natural EHstpry Museum, • South Kensington, by 
permission of the Trustees of the Museum, on Thurs¬ 
day, 28th. Jime, 1923. 

Ordinary Meeting*, 12 April, 1928., 

At the ‘Ordinary Meeting on the 12th April, when 
a lecture will be given by Mr. A. G. Warren on 
"X-rays in Theory and Practice," Mr. E. E. 
Brooks will show at the conclusion of the lecture 
a few slides illustrating lines of electric force. 

Associate Memherslxip Examination 
Results (Obtober, 1922). 

SUBPIEMENTARY LiST,* 

Passed 

J enldn , R. M. • (New Zealand). 

.Wiljiaj:&, V. E. . (South Africa^. 

Witt, ^*11.' . • (Melbourne, Austealia). 

See Institution Notes, No. 36, pagfi l,fDecembef, 1922. 


Specification of British. Plaiit and 
Material. 

* At a meeting of the 'Council held on the 1st 
February, 1923, the following Resolution was 
passed:— 

" That in view of the pr^ent state^ of trade and 
employment the Council request members who 
place or who advise upon -the placing .of dfders 
to specify as far as practicable that thfiit plant 
and material ordered shalT be of British manu¬ 
facture."* 

International Conference on E.H.T. Lines.* 

The Council have appointed the following to.be 
“ the representatives of the Institution at the above 
Conference, which ■will be held in Paiis next October:— 

Mr. W. B. Woodhouse (Senior Delegate), 

Mr. P. V. Hunter, C.B.E., 

Mr. E. B. Wedmore, 

In addition to the official Delegates, it is under¬ 
stood that the Conference will^ welcome the attend¬ 
ance of other representatives* from each country 
taking part. Such miofficial representatives will be* 
eligible to take part in the discussions. Those wishing 
to attend should send their names to M. Tribot- 
LaspiSre, 26 Boulevard Malesherbesr Paris. 

Electrical Appointments Board. 

The Council again desire to call attention to the 
Electrical Appointments Board the object of wMch 
is to find positions for unemployed members. •. 

- During the past year there has been a gradual 
increase in the number of applicants for posts, 
particularly Students who have completed their 
college courses. 

A classified Register of such members, contSijiing 
particulars of their training and experience, is avail¬ 
able for inspection at the Institution offices and the 
Secretary of the Board will gladly put eml)loyers 
into touch with highly qualified electrical engineejs 
in practically all ‘branches of the profession. 

The Council earnestly hope that members who 
arg in a position to assist Vill not fail tcTmake us^ 

.. of the Register. Vacancies may also be reported to 
Ithe Honorary Secretaries of ^Local Centres and SuV 
Centres who will at-once report such vacancies Jo 
the Secretary of.th? Board at the^Institution Offices. 

C 9 ) 
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Eoonomios offEngineering Design. 

The Secretary Jvill be glad to receive from members, 
fpr use in the Institution Library, references to books 
or articles dealing with or referring to the economics 
of engineering design. 

Royal Engineers Old Comrades' 
Association. 

Major-Geiferal Sir Cr. K. Scott-Moncrieff, K.C.B., 
K.C.M.G., ClI.E., President of the Central Committee 
of the Royal .Engineers Old Comrades* Association, 
desires to ask members of the Institution, particu¬ 
larly ex-Royal Engineers, to assist the Association 
in fin di ng employment for a large number of skilled 
men who have served with the R.E. Corps and whose 
names .are now on the Employment Register of the 
Assocfa^ion. 

The requirements of firms seeking reliable men 
will receive the prompt attention of the Association, 
and every effort will be made to provide trustworthy 
‘men to fill any positions offered. Men skilled in 
various branches of the engineering industry (in¬ 
cluding foremen of works, mechanists, electricians, 
store and ledger keepers, clerks, draughtsmen, 
instructors in field engineering, surveyors, etc.) are 
available and the Secretary of the Association, 
Mr. J. McB. Robbins, Army and Navy Mansions, 
109 Victoria-street, London, S.W. 1,’ will be glad 
to receive particulars of vacancies. 

Members jFrom the Dominions and Colonies 
Visiting the United Kingdom. 

Members from the Dominions and Colonies visiting 
the United Kingdom who wish to be put into touch 
with members of the Institution at home are invited 
to communicate with the Secretary, stating in what 
branch of the profession they are engaged and giving 
the name of the firm or company (if any) with which 
they are associated. 

Ik: tHs connection the Council have set up an 
"English-Speaking Nations Committee” whose 
principal duty is to take an interest in such members 
and visiting members from the American Institute 
of Electrical Engineers, 

Removal jarom Institution Register. 

At ^ meeting held o;i the 1st March, 1923, the 
Council Ordered the name of Mr. Walt^ Talbot 
Kerr to be removed from the Register of the 
Institution in pursuance of Bye-Law 41 (a). 

Accessions to Reference Library. 

Adams, H. Structural design in theory and practicer 
2nded. ^8vo. 265 pp. London, im 

Admiralty, The. Admiralty handbook of wireless 
telegraphy, 8vo. 486 'pp, London, 1920 


Ainsley, F. J. &ast and aerial construction for 
amateius, together with the method of erec?ion 
and other useful information, 

snj. 8vo. 86 pp. London, 1922 
Allen, A. H. Electricity in agriculture. 

sm. 8vo. 127 pjp. London, 1922 
.American Rolling Mill Company. Research and 
methods of analysis of iron andcsteel at Armco. 
2nd ed. 8vo. ‘ 220 pp. Middletown, Ohio, 1920 
Andrews, E. S. Alignment charts. Their principle 
and application to engineering fornmlae? 

sm. 8vo. 32 pp. London, [1916] 
Bagnall-Wild, BHg.-Gen^ R. K., Aitchison, L., 
Remington, Al A., Rowledge, A. J., and TtfAiig^ 
W. A. Aircraft steels and material. With an 
introduction by Prof. W. Itipper. 

^ <8vo. 216 pp. Ldndon, 1922 
Behrend, B. a. Th^^duction motor and other alter¬ 
nating current motors. Their theory and principles 
of design. 2ud ed. 8fb. 296 ppf New York, 19*21 
, British Columbia - Bureau oe Mines. Annual 
report of th8 Minister of Mines for the year ending 
31st December, 1921,''being an account of mining 
operations for gold, coal, etc.T in the Province, 
la. 8vo. 366 pp., plates, maps, 1921. Victoria, B.C., 1922 
British Electrical and Allied Manufacturers* 
Association, The. Terms of educational scholar¬ 
ships in electrical and mechanical engineering. 

8vo. *8 pp. ^Lmdon, 1922 
Brownlie, D. Boiler plant testing. 

3vo. 179 pp. London, 
Carter, F. W. Railway electric traction. 

.8vo. 420 pp. Londont 

Chalkley, a, P. Diesel engines «for I)smd..and. mnrine 
work. With an introductory chapter by Dr. R. 
Diesel. 6th ed. 8vo. 347 pp. Vondorc,' 1922 
Conjoint Board of Scientific Societies, The. 
Water-power in the British Einpire : The Reports 
of the Water-Power Committee of the C.B. of S.S. 
gir Dugald Clerk, K.B.E., F.R.S. (ChaSrm^) 
Prof. A. H. Gibson, D.Sc. (Secretary), 

sm. 8vo.‘ 63 pp. London, 1922 
CoNSTANTiNEsco, G. Theory of wave transmistion. A 
treatise on transmission of power by ’vibrations. 
2nd ed. 8v6. 213 pp^. London, 1922 

CowRSEY, P. R. The wireless telephone. V^^it it is, • 
and how it works, sm. 8vo. 112 pp. Lindon, 1922 
Davidge, H. T., and Hutchinson, R. W. Technical 
electricity. 4th ed. 8vo. 626 pp. London, 1922 
Department of Scientific and Industrial Research. 
Report of the Fuel Research Board for the years 
1920, 1921. Second section: Low temperature 
carbonisation. 8vo. 73 pp. 8 pi. London, 1922 
Dover, A. T. Industrial motor control. Direct 
current. sm. Svcf.. 128 pp. Londm, 1922 

East Africa Protectorate. An Ordinance to makef^ 
provision for the generation, trd!hsmission, delivery, 
sale, purchase, and use of electrical energy; and 
for the making anfl enfordng of regulatipns apper¬ 
taining to and governing such purpoi^; and for 
the provision and enforcing of penaltiesn foir any 
contraventioij of this Ordinance or ol'.the Regula¬ 
tions mado und^ it. folio. 94 pp. Nairobi, 1920 
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Electrical Power Engineers' Association. Report 
on the training of electrical power engineers. 

8vo. 18 pp. Zondon, 1922 
•Findlay, A. The treasures of coal tar. 

sm. 8vo. fsi pp. London, 1917 
Flight, W. S. jPhenol-fornlaldehyde products in the 
electrical industry. The effect of heat on the 
electric strength of some cpmmercial insulating 
materials. Machining ebonite, fibre, and other 
insulating* materials {anonymous]. 

Svo. 72 pp. Preston, n.d. 
Garcke, £., and Fells, J. M. Factory accounts, in 
principle and practice. 7th ed., revised, with a fore- ’ 
word by J. M. Fells. Svo. 31^ pp. London, 1923 
Gibson, A. H., D:Sc,, editor. Hydro-electric engineer¬ 
ing. ‘ voL 2, • Electrical. Contributors: W. A. 
Coated, F. R. rfill, S. Neville, and l:he editor. 

la. 8vo. 321 pp. London, 1922 
Glazebrook, Sir R.** K.C.B., D.Se. A dictionary of 
applied physics. vol? 1, 2. 8vo. London, 1922 

1, Mechanics—Engineering—^Heat. 

Electricity. 

Goodie, W. J., D.Sc. Steam turbines. 2nd ed. 

Svo. * 822 pp. London, 1922 
Halei^ P. j., and Stuart, A. H. A second course in 
engineering science. 

sm, Svo. 267 pp. London, 1922 

Hawkins, C. The dynamo : its theory, design and 

maniffacture^ 6th ed. vol. 1. 

Svo. 638 pp. London, 1922 

The earlier editions of this work are by C. C. Hawkins 
Und F. Wallis. 

India: Punjab Public Works Department. The 
Sijjtlej RiVer •Hydro-Electric Scheme. By Bt. 
Li6ut.-Col.»B. C. Battye. 

. vol. A, 6-8. folio. Lahore, 1921-22 
Keen, R. Direction and position finding by wireless. 

8vo. 376 pp. London, 1922 

Keinath, G. Die Technik der elektrischen Messgerate. 

Svo. 466 pp. MUnchen^ 1921 
Kemp* P. Alternating current electrical engineering. 

• [2nd ed.] 8vo. 626 pp, London^ 1^2% 

Langman^ H. R., and Ball, A. Electrical horology. 
A practical manual on the application of the 
principles nnd practice of electricity to horological 
instruments and machines for the measurement 
and transmission of time; with an account of 
the earliest electrically-driven clock mechanism. 

sm. Svo. 176 pp. London, 1923 
London County Council. Reports on the manu¬ 
facture of gauges arid the training of munition 
workers in certain London technical institutions 
during the war. Svo. 90 pp. .London, 1921 
MAiNf F. W. Electric rfjables. 

sm. Svo. Ill pp. London, 1922 
Marsh, ^C. F., a^d Dunn, W. Manual of reinforced 
concJlrete. * sm. Svo. 620 pp. London, 1922 
Marshall, C. W. Modem central stations. 

sm. Svo. 126 pp. London, 1921 
M^ares, j. W., C.LE, The law relating to electrical 
energy in India. 2nd ed., revised: 

Svo. 403 pp. Calcutta, 1922 


MoLESWORTfi, Sir G. L. Life of G. L. Moleswopth, 
K.C.I.E. '' The NestaoT' of the engineering 
profession." Edited by W. J. l^olesworth. 

Svo. 224 pp. London, 1922 
Mottelay, P. F., Ph.D. Bibliographical history of 
electricity and magnetism, chronologically arranged. 
Researches into 'the domain of tho^ early sciences, 
especially from the period of the revival of 
scholasticism, with biographical and otHer accounts 
of •the most distinguished natural philosophers 
throughout the middle ages. With "an introduc¬ 
tion by the late Prof. S. P. Thompson, D.Sc., 
F.R.S., and a foreword by Sir R. T. Glazebrook, 
K,C.B., D.Se., F.R.S. 

la. Svo. 693 pp. London, 1922 
Murray, River. Harnessing Australia's greatest river : 
being an account of the'great scheme undertaken 
by the governments of the Commonwealth, of 
Australia, and of the States of New South Wales, 
Victoria, and South Australia, with a vien^^ to the 
more profitable use of the* waters of the Iriver 
Murray, etc. [Supplement to The Industrial 
Australian and Mining Standard," 17th June, 
1920.] 

folio. 61 pp. Melbourne, 1920 
OuLTON, L., and Wilson, N. J. Practical testing of 
electrical machines. [2nd ed.] 

sm. Svo. 268 pp. London, 1921 
Parr, G. D. A. Electrical engineering testing. A 
practical work on continuous and alternating 
currents for second and third year students and 
engineers. 4th ed. Svo. 703 pp. London, 1922 
PooLE, H. E. Switching and switchgear. 

sm. Svo. 127 pp. London, 1922. 
Practical Engineer, The, electrical pocket book 
and diary for 1923 (with buyers'^ide and technicSLl 
dictionaries in French, Spanish, and Russian). 
24th year of issue. Edited by C. Arnold. 

•sm. Svo. 760 pp. London, [1922] 
Price, H. W., and Duff, C. K. Papers on current 
transformers. [University of Toronto, School of 
Engineering Research, Bulletin No. 2, 1921.] 

Svo. 66 pp. Toronto, 1921. 
Radio Instruments, Ltd. Working diagrams of 
valve receiving circuits. 

sm. pbl. Svo. 21 diagrams. London, [1922] 
Roget, S. R. a first book of applied electricity. 

sm. Svo. 160 pp. London, 1921 
Smith, C. F. The*»testing of transformers and 'alter¬ 
nating current machines. 

sm. SvQ. 102 pp. London, 1922 
Spiegrlhalter, E. K. Wireless valve receiver set. 
Hqjv to make it. 

sm. Svo. 79 pp. London, 1922 
Summers, A.. L. Anthracite and the anthracite "in¬ 
dustry. sm. 8w. 136 pp. London, [1922] 

Taylor, W. T; Electric power systems. 

sm, Svo. 119 pp. London, 1922 
—— High voltage powejr transformers. 

sm. Bvp. 127 pp: London, 1922 
Thomas, H. Trait6*de t616graphie 61ectrique. 2\^d. 

la. .Svo. 1^824 pp. Paris, 1922 
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Signal Corps. The principles 
underlying radio copjmnnication. 2nd ed. Radio 

M™“mr 

„ 8 vo- 619 pp. Washington, 1922 

icxoRiA. Stote. “Power" for Victorian industries 
A <^mplete,account of the'great electric power 
mv ^ authorised by the Premier 

ir : . ' *• ^’“'son) and State Government of 
Victona and now beirfg carried into effect by 
® ictonan Electricity Commissioners; etc. 
Supplement to “The Industrial AustraUan and 
Mining Standard," 17th March, 1921.] 

folio. 79 pp. Melbourne, 1921 
WADDELL, J. A. Specifications and contracts. A 
series of lecteres; iqfluding examples for practice 
in specification and contract writing, together with 
notes on the Law of Contracts. 

8 vo. 169 pp. New York, 1922 

j.r, *^® engineering students of 

the Umversity of Barcelona. Delivered April 19th 
and 21 st, 1922. 

8 vo. 23 pp. \New York, 1922] 
»Valmsley. R. M.. D.Sc. Electricity in the service of 
man. vol. 2 , section iii. Technology of electricity. . 

8 vo. 863 pp. London, 1921 | 


War'Office. Si^ials Expeiimerital Establishment. 
Technical report. September. 1922. [/« MS.j 

, fol-. \Woolwich, 19221 

Western AdstralTa. Electricity supply stations of 
W.A., 1922. Co&piled by A. F. Williamson.'' 

^ folio sfeeet. Perth, 1922 

WHira, H. G. Telephone erection and maintenance. 

wr X .. PP^ London. [1922] 

White, W. J. Que'stions and solutions in magnetism 
and electricity. Consisting of solutions to the 
questions set by the Board of Eduefitiofi 5nd City 
and Guilds of London Institute in stage ■ 1 of 
magnetism and electricity during the years 1907— 
1921. Solutiolte fey W. J. W. [2nd ed.] 

Who s Who IN Engineering. Directory arid manual. 
Ed. bj' J. E. Sears, jnnr. 3fd ed. 

xxr A PP- London, 1923 

Whyte, A. G. The all-electric age. 

__ 6 ^ 0 . 266 pp, London, 1922 

WiMP^s, H. E. The internal combustion engine. 

4th edv revised. 8 vo. 836 pp. London, 1962 

Yates, R. F., and Pacent; L. G. The complete radio 
book. Preface by A. A. C, Swlhton. F.R.S. 

^ 343 pp. London, 1922 

Young, A. P., and Warren, H. Sparking plugs. 

sm. 8 vo. 119 pp. London, 1922 



THE INSTITUTION 
OF ELECTRICAL ENGINEERS. 

No. .38. May J928. INSTITUTION NOTES. 


4*nnual General Meeting*. 

The 5lst Annual General Meeting, of the Institu¬ 
tion (Corporate Members and Associates only) will 
be Jield on Thursday, 31st 1923, at 6 p.m. 

Annual Conversazione. 

The Annual Conversazione will be held at the 
Natural History [J^useum, South Kensington, by 
j5e*rmission of# the Trustees of the Museum, on 
Thursday, 28th June, 1923. 

The Institution o£ Engineers (India). 
The I.E.E. Premium, value £20 (see Institution 
Notes, No. 16, page 2, December 1919), has been 
awarded by the Council of the above Institution 
for the year ended 31st August, 1922, to Mr. • A. 
Lennox Stanton fdr his paper on Railway Electri¬ 
fication, with special reference to Indian Conditions.^' 

Associate Membership Examination 
Results. 

October 1922, Supplementary List.* 
Passed. 

Plowman, A. S. (Sydney, Australia). 

February 1923, Royal Corps of Signals. 
Passed, 

Bennett, M. C., Lieutenant (Indian Army). 

Boyd, L. C., Lieutenant (Royal Ulster Rifles). 

Boyt, W. D., Lieutenant (Royal Garrison Artillery). 
Crouch, C. H., Lieutenant (Royal Garrison Artillery). 
Halliday, G. R., Lieutenant (Royal Garrison Artillery). 
Hannalr, A. J.,.Captain (Indian Army). 

Helps, R. P. A., O.B.E., M.C., Captain (Lancashire 
Fusiliers). 

Hemming, W. E. G., Lieutenant (Royal Garrison 
Artillery) a 

Holland, V. C., Lieutenant (Royal Artillery). 
Howard-Smith, M. H., Captaiii (Indian Army). 
Instrall, R. C., Lieutenant (Roy^ Garrison Artillery), 
Neale, R. H., Captain ^Lincolnshire Regiment). 
Plummer, G. H.,-Lieutenant (Cameronians). 

Stoddart, E., Lieutenant (Royal Garrison Artillery). 
Thomas, W.'F. P.; Lieutenant (South Staffordshire 
Regiment). 

Watkins, B. S., Lieutenant (Indian Army). 

_* Sefe Jnstiiutixm Notes, No, 36, page 1, Pecember 1922, and 
No. pagi 9, March 1923. 


International Consulting Oofamittee for 
International Telephone Communication. 

As a result of the suggestions made in the President's 
Inaugural Address delivered before the Institution on. 
the 2nd November last, M. Pav^l Laffont, Sous-Secr6tair 
de rAdministration des Postes et des T616graplies for 
France, called a preliminaiy technicial international 
conference to study and recommend ♦what steps should 
be taken by the European Administrations to* improve 
and consolidate international telephone Ltafiic in 
Europe. 

The meeting was held in Paris commencing on 
12 th March, 1923, and was presided over by Monsieur 
Dennery, Inspecteur-G6n6ral des Postes et des T^16;, 
graphes, and was attended by representatives from 
France, Belgium, Great Britain, Italy, Spain,* and 
Switzerland. The deputation for Great Britain was 
headed by Major T. F. Purves, O.B.E., Engineer-in- 
Chief to the British Post Office, and the other nations 
were similarly strongly represented. 

At this conference certain recommendations wCre 
decided upon and these will, in due course, be sub¬ 
mitted to the various Administrations in Europe. 
In the meantime, it may be stated that the committee 
has emphasized, as of primary importance, the neces¬ 
sity of complete unity as regards principles and prac¬ 
tical realization—under present conditions of the tele¬ 
phone art—as well as in all matters concerning 
material and technical and commercial operation. 

Consequently the committee has recognized the 
necessity for forming a permanent international con¬ 
sulting commission for international telephone com-, 
munications. The different countries of Europe will 
be represented on this Commission, the official title of 
which will be Comit6 Consultatif International des 
Communications Tel^phoniques Internationales. 

The continuity of the work of this Commission will 
he secured by the establishment of a permanent Secre¬ 
tariat in Paris, which will also be a centre for inter¬ 
national , techhicaP* information. Pending the consti¬ 
tution of the Comitd Consultatif Internationa^ the 
preliminary technical Committee has decided that its 
President; M. Dennery, and its General Secretary, 
M. Vafensi, shall fill provisionally the offices of Presi¬ 
dent and of permanent Secretary of the ComitiS 
Consultatif International, 

The preliminary technical Committee has indicated 
the guiding principles, from now onwards, for the 
eonstruction of international lines, their maintenahee 
and development. 

The Collaboration between nations created by 
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preliminary Committee has permitted, moreover, the 
formulation of a pro^amme for new routes of com¬ 
munication both by aer^ lines and by cables which 
are immediately required and which should be com¬ 
pleted in 1923 an3 1924. Finally the Committee will 
prepare a decennial programme for European tele¬ 
phone trunk lines. The main outlines of the scheme 
have already determined and it will be com¬ 

pleted during the course of the year. 

Informal Meetings. 

The following Informal Meetings have been held:— 
38th Informal Meeting (22nd January, 1923). 
Chairman : Mr. A. B. Eason, 

Subject of Discussion : ** Insulators and Insulating 
Materials*' (introduced by Mr. A. G. Warren). 

Speakers: Messrs. E. W. Moss, C. C. Paterson, 
O.B.E.,^H. M. Sayers, W. E. Rogers, A. C. Warren, 

E. H. Rayner, W. S. Flight, A. Monldiouse, A. Rosen, 
A. Collins and P. Dunsheath. 

39th Informal Meeting (6th February, 1923). 
Chairman : Mr. F. Pooley. 

Subject of Discussion: ** The Supply of Steady 

D. C. for Telephonic and other Purposes *’ (introduced 
by Mr. J, Coxon). 

Speakers : Messrs. F. Reid, A. F. Harmer, W. E. 
Rogers, C. J, Ashton, R. J. Hines, H. J. Gregory, 

F. -W. Adcock, H. Kingsbury, A. B. Eason, W. L. 
Wreford, J. R. Bedford, R. V. Hook, G. H. Elsden 
and F. Pooley. 

40th Informal Meeting (19th February, 1923). 

Chairman : Mx, E. F. Hetherington. 

Subject of Discussion : Esprit de Corps *' (intro¬ 
duced by Mr. F. Peake Sexton). 

Speakers: Major G. H. Spittle, D.S.O., Messrs. 
W. E. Rogers, J. R. Bedford, F. Pooley, W. Lunn, 

E. F. Hetherington, A. G. Hilling, H. H. Long, J. 
Coxon, M. Whitgift and W. L. Wreford. 

4lST Informal Meeting {6th March, 1923). 

Chairman : Mr. A. F. Harmer. 

Subject of Discussion : ’ ** Control in Industry " 
(introduced by Mr. J. H. Parker). 

Speakers: Messrs. W. Day, N. Wylde, H. W. 
Healey, ^ W. E. Warrilow, W. E. Rogers, F. C. 
Knowks", W. J. Oswald, — Bing, G. J. D. Scott, A. G. 
Whyte and A. H. Beimett^ 

42nd Injpormal Meeting (19th March, 19^3). 

Chairman : Mr. W. E. Warrilow. 

Subject of Discussion : “ Ttie Need for Co-operation 
between Ele^.trical Manufacturers and.. Contractors" 
(introduced by Messrs. H. T.'" Young an(i J. F. Caine). 

Speakers: Messrs. E. E. Sharp, W. R. Rawlings, 
A. p. Beaver, W, Da^, AfFr Hanner, W. E. Rogers, 
C. Peel, A. Windibank, EC C. Wjansbrough, F.-‘Gill, 


E. H. Marryatf A* Wise, G. J. D. Scott and Major 
H. Brown. 

43rd Informal Meeting (23rd April, 1923). 

Chairman : Mr. E. Moss. 

Subject of Discussion : ** Practical Broadcasting " 
(introduced by Mr. E. H. Shaughnessy^ O.B.E.). 

Speakers : Captain P. P. Eckersley, Messrs. J. Scott- 
Taggart, J. R. Bedford, W. L. Wreforcl, R. Grierson, 

G. D. Dewar, W. E. Rogers, P. R. Coursey, W, Day, 
E. G. Bedford, A. C. Warren, A. G. Lee, IJ. S. Pocock, 
E. F. Hetherington, W. E. Warrilow, W. I?. Lawes, 
E. W. Moss and J. C. W. Reith. 

National Illumination Committee of 
Great Britain.* 

REPORT OF CHAIRMAN FOR YEAR 1922. 

In February last (1922) the provisional Definitions o*f 
Photometric Terms and Units proposed 4)y the British 
National Commitlsee were published together with a 
prefatory note and have been officially adopted by 
the three constituent Societies. They also form the 
basis of a set of Photometric Definitions shortly to 
be issued by the British Engineering Standards Asso¬ 
ciation as part of a comprehensive set of Electrical 
Engineering terms. 

The Definitions in question, whilst agreeing with 
the decisions of the International ‘Commission on 
niumination held in Paris in 1921, go considerably 
further and are in some r^pects at variance with a 
set of Definitions approved in July, 1922, by the 
American Engineering Standards r. Committee. TSie 
occasion of a visit by Dr. Cla 3 d:on S^^arp tJ this 
country in December last was seized upon to discuss 
these Definitions with one so largely instrumental in 
the drafting of the American Defini^ons. IJr. Sharp 
kindly consented to attend a. Meeting of the Nomen¬ 
clature Sub-Committee, and as a result of this ftit©r- 
change of views, the Sub-Committee are nuw eph- 
sidering how the proposed Definitions can be amended 
so as to minimize the points of difference between 
this country and the United States. 

A preliininar}^^ list of S 3 mibols has also been pre¬ 
pared., by the Nomenclature Sub-Committee and, 
after submission to the British Committee, th&e have* 
been communicated to a number of interested Societies, 
publication being deferred until their criticisms, if 
any, have been considered. 

Dr. Mailloux (U.S.A.) and Mr. K. Edgeumbe (Gt. 
Britain) were asked by the central • office. of the 
National Illumination Commission to prepare an 
English translation of the French official text of 
Terms and Definitions adopted in Paris in T921. A 
Meeting was held in this country and the translation 
agreed upon. The text forms an Appendix to tins 
Report. 

At the 1921 Paris Meeting of the Commission an 
International Committee on Automobile Headlights 

♦ See Institution Nates, No, 30, page 11, January 192?, 
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was appointed and Mr. K. Edgcumtfe waS' subse¬ 
quently nominated^ by the British National Committee 
as tteir Representative thereon. A fairly complete 
set of recommendations having been drawn up in 
the United States by a Committee under the Chair- 
maiffehip of Dr. Clayton Sharp, •the subject was dis¬ 
cussed with that gentleman on the occasion of his 
visit to this coufitr 3 ’', and at a subsequent interview 
with Mr. Perrin of the Ministry of Transport the 
question was raised of how the British National Com¬ 
mittee could best serve the interests of this country 
in connection with Automobile Headlights. It appeared 
that the most useful course would be to appoint 
a Sub-foinmittee to consider the recommendations 
^hUh had already been publish^^d in other countries, 
with a view, if possible, of arriving at common agree¬ 
ment through the medium of the International Head¬ 
lights Committee. 

In view of the fact that a large and increasing part 
of the work of the Baritish National^Co^^^niittee relates 
to standardization, it w^as 4^ecided, with the approval 
of the tliree constituent Societies, to ask the British 
Engineering Standards Association to form a sectional 
Committee on Illumination to which such matters 
Could lie referred. It is proposed that this Committee 
should deal solely with standardization or similar 
questions referred to it by the British National Com¬ 
mittee, all international matters being dealt with by 
the National Committee as heretofore. 

K. Edgcumbe. 

Chairman . 

January, 1923. 


PHOTOMETRIC DEFINITIONS. 

Official Translation of the French Text. 

Luminous the rate of passage of radiant 

energy ^^valuated by reference to the luminous sensa¬ 
tion 'produced by it. 

Although luminous flux should be regarded, stfictly, 
as the ratp of passage of radiant energy as just defined, 
it can, nevertheless, be accepted as an entity for the 
purposes of pcactical photometry, since the velocity 
may be. regarded as being constant under those 
conditions. 

The unit of luminous flux is the lumen, —It is equal 
to the flux emitted in unit solid angle by a uniform 
point source of one international candle. 

Illumination,—The illumination at a point of a sur¬ 
face is the density of the luminous fl.ux at that point, 
or the quotient of the flux by the area of the surface 
when the latter is uniformly illuminated. 

The practical unit of illumination is the lux, —It 
is the illumination of a surface one square metre in 
area, receiving a uniformly distributed flux of ©ne 
lumen, or the illumination produced at the surface of 
a sphere having a radius of one metre by a uniform 
point saufce of one international candle situated at 
its centre.- 


In view of certain recognized usages, illumination 
may also be i^xpressed in terms of the following units i— 

Taking the centimetre as the unit of length, the. 
unit of illumination is the lumen per square centi¬ 
metre ; it is known as the “ phot.*' * Taking the foot 
as the unit of length, the unit of illumination is the 
lumen per square foot; it is known as the " foot- 
candle.’* 

1 foot-candle = 10*764 lux 

= 1*0764 milli-phot 

Luminous intensity {candle-pjjwer ),—The luminous 
intensity (candle-power) of a point source In any direc¬ 
tion is the luminous flux per unit solid angle emitted 
by that source in that direction. (The flux emanating 
from a source whose dimensions are negligible in com¬ 
parison with the distance from, which it is observed 
may be considered as coming trom a point.) 

The unit of luminous intensity {candle-power) is the 
International Candle, such as resulted from agree¬ 
ments effected between the three National Standardiz¬ 
ing Laboratories of France, Great Britain end. the 
United States, in 1909.* 

This unit has been maintained since then by means 
of incandescent electric lamps in these laboratories 
which continue to be entrusted with its maintenance. 

Accessions to the Lending Library- 

Bowker, W. R. Electrical circuits and connections. 
A technical, practical, and operative treatise on 
direct, alternating, polyphase, and hydro-electrical 
engineering circuits. Being the 3rd enlarged edi¬ 
tion of ** Dynamo, motor and switchboard cir¬ 
cuits.** 8vo. 223 pp. London, 1922 

Chilton, F. E. Electric cranes and hauling machines. 

sm. 8vo. 124 pp. London, 1923 

Collins, A. F. The radio amateur’s handbook. 

8vo. 348 pp. London, 1922 

CouRSEY, P. R. The radio experimenter’s handbook, 
pt. 2, Data and design. 

8vo. 78 ;^p. London, 1923 

Cross, H. H. U. Electric lighting and starting for 
motor cars. 8vo. 340 pp. London, 1923 

Eason, A. B. The prevention of vibration and noise. 

8 vo. 176 pp. London, [1923] 
Fleming, J. A., D,So,, F,R.S, Electrons, electric 
waves and wireless telephony. Being a reproduc¬ 
tion with some amplification of the Cliristmas 
Lectures delivered at the Royal Institution of 
Great Britain, December, 1921, January, 1922. 

sm 8vo. 334 pp. London, [f923] 
Harrison, H. H. Printing telegraph S 5 ^tems ^nd 
mechanisms. 8vcy. 447 pp. London, 1923 

Hawkhead, J. C. Handbook of technical instruction 
for wireless telegraphists. 2nd ed., extensively 
revised and enlarged by H. M. Dowsett. 

8 vo. 325 pp. London, "1916 
Hawkins, C. C. The dynhmo: its theory, design and 
manufacture. 6th ed. vol. 2 (Continuous-current 
dynamos). ’ 8vo. 338 pp. London, 1923 

• Tliese Laboratories are: the Lifcoratoire Oantral d*Electricite 
in Paris; flie National Physical Laboratory in Teddington, and the 
Bureau *of Standards in Washington. 
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Hobart, H. M. Electric motors; their theory and 
instruction. 3rd ed. vol. 1, Chiefly concerning 
diTit current. 8vo. 428 pp. London. 1923 

Kaye, G. W C:, O.B.E.r D.Sc. The practical appli- 
cations of x-rays. 8vo. 143 pp. London, IQ22, 

l-AMME, B. G. Electrical engineering papers. 

8vo. 773 pp. East Fittsbttrgh, Pa.. 1919 
Langman, H. R., and Ball, A. Electrical horologv. 
A ^ practical manual on the application of the 
principles and practice of electricity to horological 
instruments and machines for the meMurement 
and transmission Tjf time. With an account of 
the earliest electrically-driven clock mechanism. 

T T. A « PP- London, 1923 

i-ow, B. A. Heat engines, embracing the theory, con¬ 
struction, and performance of steam boilers, 
reciprocating steam engines, steam turbines and 
internal combustion engines. A text-book for engi- 
neenng sthdents. 8vo. 599 pp. London, 1922 
Park, _G. D. a. Electrical engineering testing; a 
p^tical work on continuous and alternating 
currents for second and third year students and 
enpnews. 4th ed. 8vo. 703 pp. London, 1922 
Rose, W. N. Lins charts for engines. 

„ 8vo. 107 pp. London, 1923 

Stanley, R. Text-book on wireless telegraphy, 
vol. 2, Valves and valve apparatus. 2nd ed. 

_ _ 405 pp.. London, 1923 

Taylor-Jones, E., D.Sc. The theory of the induction 

-r ^ PP- 1921 

Thompson, W. p. Handbook of patent law of all 
countri^. 18th ed. 8vo. 164 pp. London, 1920 
Yates, R. F., and Pacent, L. G. The complete radio 
book. Preface by A. A. Campbell Swinton, F.R.S. 

8vo. 343 pp. London-,- 1922 


Acoossions' -fco t]i.6 S6f6r6iic6 Library. 

Allsop, F. C. Practical electric-Ught fitting. A 
treatise on the -wiring and fitting-up of buildings 
deriving cungsnt from central- station mains, and 
the laying do-wn of private instaUations. 9th ed. 

sm, 8vo, 296 pp. London, 1923 
Beauchamp, J. W. Industrial electric beating. 

sm. 8vo. 128 pp. London, 1923 
Blattner, E. Lehrbnch der Elektrotechnik. 4® Aufi. 

Teil 1. 8vo. 432 pp. Bern, 1922 

California : Railroad Commission of the State of 
C^iFORNiA. Inductive interference between elec¬ 
tric powo: and communication circuits. Selected 
technical reports with preliminary and final reports 
of -the Joint Committee on Mductive Interference 
and Commission’s General order for prevention or 
mitigation of such interference. April 1, 1919. 

8vo. 1160 pp. Sacramento, 1919 


CHiLToa, F. E. Electric cranes and haubng machines. 

sm. 8vo. 124'pp. London, 1923 
Erskine-Murray, J. Wireless telephones, and how 
they -vS-ork. 3rd ed. 84 pp. London, 1923 

Fleming, J. A., D.Sc., F.R.S. Electrons, electric 
-waves ^d wireless 'telephony. Being a reprdduc- 
tion with some amplification of the Christmas 
Lectures deUvered at The Royal Institution of 
Gt. Britain, Dec., 1921, Jan., 1922. 

8vo. 334 pp. London, [1923] 
The principles of electric wave telegraphy and 
telephony. 4th ed. 

8vo. 722 pp. London, 1919 
Glazebrook, Sir R.. K.C.B., D.Sc. A dictiojiary of 
applied physic®. «. vol. 3, 4. 8vo. London >-923 

Gordon, j. W. GeneraUsed linear perspective, treated 
with special reference to photographic land §ur- 
veying and military reconnaissance. 

XJ T, pp- ^o^don, 1922 

Harrison, H. H. Printmg telegraph systems and 
mechanisms. 8vo. 447 pp. London, 1923 

Haynes, F. H. The amateurs’ book of -wirel&s 
circuits. obi. Svo. 107 pp. London, 1923 

Institution of Engineers, The, Australia. Trans- 
actions, vol. 1, 1920. 8vo. 480 pp. Sydney. 1921 
Johnson, B. K. Practical optics for the laboratory 
and -workshop. With a foreword by Prof. [F. T.l 
Chestoe, C.B.E. 8vo. IgO pp. London, 1922 
Lertes, P. Die drahtlose TelegrapMe und Telephonie. 

8vo. 163 pp. Dresden, 1922 
Marec, E. La force motrice 61ectrique dans Tindustrie. 
Avec une preface de P. Janet. 

8vo. 621 pp. Paris, 1922' 
Pender, H. Direct-current machinery. A tqst-book 
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The Institution, 

My first duty must be to express :giy thanks to the 
nfembers of this great Institution for their confidence 
in plaining me in this chaif, in the past successfully 
occupied by many eminent men; and as representing, 
in some degree, electrical engineers who have devoted 
their energies to what may be termed the light side of 
the science, I thank you for your trust. I confess to 
a feeling, not so much of pride in taking this office, as 
of doubt whether* one can properly fill the position. 
Portunately, I have no responsibility for the election— 
thai? is ydurs—^but on me (^volves the duty of doing 
the utmost of which I am capable to serve the Institu¬ 
tion. That b];; itself, however, is not enough; the 
President is merely* the spear point or the tool face, 
and that which niay be accomplished by the point 
depends largely on the body behind it. By itself .it 
can do little. I know your l^esident is always assured 
of the support arid sympathy of your Council, but I 
ask mgre—^it is necessa^ that the living interest and 
suppoi^ of every member should be behind the C(?uncil 
in their labours on your behalf. 

‘ As you are aware, the Institution is in point of 
numbers now the largest engineering Society in the 
British Empire, the total membership at the commence¬ 
ment of this session. being 10 461 and the increase 
Spring th^ past twelve months 867. The conditions 
of, and qualifications for, membership are not being 
' eased in any way, but are rather being made more 
severe; membership is becoming more recognized as 
a qualification, and the Royal Charter gives an added 
dignity and prestige. I want to see, and do not hesitate 
fo call for, ungrudging Service to the Institution from 
all its members, certain that if each will actively realize 
that tlie Institution is hi^ Institution, its powers of, and 
opportunities for,, useful service to mankind will be 
greatly enlarged. One of the grandest things about the 
engiiieerihg professipri is its splendid tradition of service 
regardless of the cost to the server, fitly illustrated by 
the death of those to whose immortal memory the panels 
in the this building stand, reminding all who 

enter pf LHI simple road to greatness—^Whosoever will 
be chief among you let him be youn servant. 


Technical Education. 

As one illustration of service, the new Technical 
Education Scheme may be fnentioned. You are aware 
from the Council's Report last May that the Board of 
Education has sought the assistance of the Institution 
in its management of technical education in England 
and Wales ; accordingly, a joint Committee, on which the 
Board of Education and this Institution axe equally 
represented,, will be responsible for the curriculum in 
Electrical Engineering at such schools as elect to join 
in the scheme, for certifying as to the satisfactory 
nature of the schools and for the final examinations ; 
and the certificates and diplomas issued to successful 
candidates will be sighed .on behalf of the Institution, 
the Board of Education, and the school. Many of our 
members feel strongly on the question of Education^ 
and some have criticized the existing state of affairs 
in writings, and verbally; now is their opportunity. 
Apart from service on the joint Committee, cases will 
certainly arise wherd they can help by showing interest 
in those schools which adopt the scheme, by gifts of 
apparatus and plant, by facilitating visits of students 
to works, by finding work for the students, and by 
criticism of the course of training, so . as to make it 
really adapted for turning, out men best equipped for 
their work in .the world. 

I want to make a special appeal also of a somewhat 
similar nature for interest in the work of the schools. 
It is tremendously important that, during their course 
of study, students s^hould get first-hand acquaintance 
ydth actual commercial conditions, both as rega?^ds the 
conditions of work and acquaintance with the workers. 
So we find that universities and colleges endeavour to 
get temporary practical work for their student^ during 
vacatiorS or at other times. It seems to' nae that 
managers (it is t)ecoming an anachronism to speak of 
" employers") ought to feel,it a duty to make temporary 
vacancies for such students, realizing that ass hereinafter 
.Jhey will require adequately trained meiP from the 
. scnools, so in the meantime they also must dq their 
share in the educational sdiehie by providing facilities 
impossible to the schqpls but possible to industry. As 
the time for premium pupils has, or ought to have. 
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pas^sed away, so the time for hesitation in taking in 
i»uch men for short penods ought also to pass away. 
Let the managers Regard "the students as possible future 
workers, and demand from them qualifications for 
apprehending what they see. I make a very earnest 
ap]3eal to all those members of the Institution W'ho are 
in ]>o3itions enabling them to influence either opinion 
or practice on this matter, to make a point of doing what 
tiiey can to*meet this need. We take great care in the 
selection and treatment of the raw material to be worked 
up; we do not alwaj’S take sufficient pains in selecting - 
and training the raw human personnel which is to be 
trusted with the w'orldng of the raw material. 

With great diffidence may I also say a word to those 
in control oi the schools. During my time I have had 
a considerable number of men direct from the univer- 

^ glad to say, 

recollcTT ^“.J^iant engineers, and I do not 

rccoltect a single failure. Probably the method of 

SSrofiL f “ attached to the 

prof^of as to the character of the appU- 

being familkr “ instance of a student 

n ^ ^ economic aspect of engineering 

desired. Tn^tteron^cti achieving what is 

happens t^twLn r^ ^°“ often it 

^b^fbe Sued th^^ Ptent 

also many other items of expense bShfo^lf 
material. l know that the^f^t+h» I 
<««y occupied, but I 


Euectrical Communication. 

•«-of Efccirti, CoiSLiStSn”" 

not cxeJusively to Tetenh Particularly, 

Oi»l&ces. I pmp^^ tSiSrfrV''"" Considerable 
oi the recent advm^ in the m ^to review some 
hwgihiijaiice communication ^®®oot 

te call il*"thm«gh Sm?niSor?t"' 

necessarily a feature thm.oK because distance 
« we consider priSf’oSr? r** « P^«ont. 

» for.food, then shelter and dS* immediate 
iwd clothes: but directlT^Tir to«i tools 

»« which his own and hfa ^states 

have been supplied so far hs th»- * ”®*Shbonis' wants 
sujtply them, the need f* coe^ ®*«ttions can 
.™ Wo„ 


however, no need tC insist on any priority as bei\vt*en 
these two arts. They are so intimately connected that 
we may, without any violence to meaning, define com¬ 
munication as transportation of inttlligence. Without,, 
communication man canifot know where to obtain slich 
of his requirements as he himself is iinabh? to satisfy ; 
without it there is no use in his producing more than 
he requires for himself, since, in its absence, ho c.annot 
k^w whence arises a demand for his spare produce. 
While aU this is true of primitive man, it lias applied 
much more intensely since machinery caric toi-llio aid 
of production in the complicated system of tfado Avhich 
now serves the world. That which fifty years ago was 
regarded as a luxui%r tip be enjoyed only by the few, is 
now a necessity to the many; to-day no nation stands 
alone or as sufficient for itself; more and more the 
interdependence of nations is being recogmzed ; and 
more and more is it realized that no nation can "be 
prosperous or afflicted without a, result l>eing felt by 
^ 4 ? ons. It were easy to illustrate this coniiiiunHy 

Of nations by taking the clothes we wear, the food we 
c ^well known to you. It is sufficient 
wnriT^. bring toge^er the products of all the 

+T- 2 ine doors is the work of communication and* 

efficiency of both is vital, 
the being equal, the nation best equipptid with 

production, communication and trans« 

^ advantage in the race for 

^ter national well-bemg. It follows, therefore tliat 

rtijted to whom is en- 

^ted the means of communication, or wfio control 

the public and, ri it V ^ 

the selfish attitude o/lttemo®**^®*' 
profif as possible .or ”®“P^g to make aa. much 
supplying the sei^r* a attitude .of merely 

toe public.' ' To 

out new mpana and faniiu ;,.,. ^ actively searcii 

the public in regard to the^^*Sf°f®®* 

The authority if r ^ communication, 

musr teZT^/r. w® ''''®todiaa of the^knowledge ; it 

of commerce and of n^ST^ *^® ^® 
standing and amity-a^d 

cation there would appear to S nin? f **''® *=®™muni- 
for such projects as -^o t ® chance of success 
this camS of ^.1 It is by 

industries of the world^a*^ *^® '”^®^’<I®'veloped 

merely diligently servii the 

ways have thei^el™L?^rs ^ail- 

Press has done the same ^ <lemands for traffic, the 

fur industry, and so must the^tel^f!^^'^* success- 
IS not to fail in the telephoife industry if it 

n.. fact Ct S™o?S.°' • 
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, possible that Governments may instrupt their Telephone 
and Telegraph Departments that they do their duty 
when they diligently supply the public demands for 
service; and perhaps such a course is the more probable 
when the many other calls for expenditure experienced 
by Governments to-day are considered. But here a 
deliberate choice must be made: Is communication,, 
and ever better communication^ a necessity or not ? 
If it is, then the passive attitude of merely satisfying 
public demgsids must be abandoned and an aggressive 
attitude take its place. It is not by a passive attitude 
that the great development in telephones has been 
built*up in the United States, Canada, Denmark, Sweden 
and iNorway, but rather by a resolute, purposeful and 
well-directed campaign of education of the public and 
of existing users. In the United States particularly 
there, has for years been an educational campaign of 
a very high order, coupled with the construction of 
.plant in advance, without which ft is, of course, worse 
than useless to create demand. All this seems self- 
evident and trite, but two questions will test very 
quickly whether in fact this matter , is quite so self- 
evident and obvious as it appears. These questions 
are : (1) Has telephony, during the 46 years it has 
been available, been of as much use to Europe as it 
might have been ? (2) Have the organizations. Govern¬ 

ment and otherwise, been permitted to do what they 
have wished to do,? The answer to both questions is 
most decidedly-^No ! 

It will be noticed that above it was assumed, for the 
moment, that lack of profit-earning robbed a Govern¬ 
ment of the stimulus enjoyed by a public company; 
also that a Government department should not earn 
any more money than necessary to be self-supporting. 
It seems to me that both ^sumptions are fallacious. 
It is true, of course, that with a company the necessity 
for earning an adequate return on investment is a most 
rigorous •stimulus, but, apart from profit-earning, a 
Govemnient is subject to a powerful stimulus also. 
Only let it be realized that communication* means 
something real—^that it is a tool for the benefit of the 
nation, a necessity—^and who is more vitally interested 
in obtaining the fullest possible utilization of that 
necessity than a Government ? Who more vitally inter¬ 
ested or more impelled to strain every nerve to teach 
the public the advantages of communication and extend 
the use of it by every means possible ? The stimulus of 
profit-earning to produce development is small compared 
with the stimulus which comes tc a public department 
as trustee for the nation. 

But it seems also wrong to reason that a Government 
department should not earn something more than just 
enough merely to pay its way. It is undoubtedly 
heaJihy for the esprit de corps of any organization that 
its personnel should know that their organization is an 
efficient, one, in which they can take a justifiable pride; 
and one, of the ways of testing the efficiency of public 
concerns is to associate service with returns. With a 
staff .comprising many persons, it is unhealthy that the 
idea sji®ii4d prevail that profit-earning is of no account. 
Iherer khtioweyer, more than the question of the effect 
on the«staff, important though that be. Without a 
.surplus of income over expensen. there is no margin for 


unforeseen contingencies which must constantly arise jn 
such a flexible business ; sefvice trials and research are 
likely to be adversely acted upon, hnd capital will be 
raised with greater difficulty. Further, there seems no 
reason why a Government should not include in the 
rentals a sum pla^ply intended to be a contribution 
towards revenue ; it is difficult to see toy reason why 
it is permissible, for the purpose of raising revenue, to 
tax, say, food but riot telephones, or,why it is proper 
to make a considerable surplus on postage, but not on 
telephones. It would seem that the correct course is 
for a Government, if it operates the .telephones of a 
nation, to raise from them something towards the 
National Revenue, and to pay such a return on the 
capital invested in the business «,s to make certain its 
ability to raise whatever money may be required to 
extend the business. 

Let us now pass on to consider sonfe of the alterations 
in practice caused by recent developments in telephony 
as they affect long-distance or through communication. 

Loading ,—By this term is meant the deliberate 
addition of inductance to the circuit for the purpose 
of increasing the distance over which satisfactory 
speech is feasible. Such inductance may be in the fofm 



Fig 1. —^Atteiiuation/frequency characteristic of 1 mile 
of 0*166 inch open wire line. Dry weatlier conditions 
assumed. 


of evenly distributed inductance effected by wrapping 
the copper conductor with magnetic material, such as 
fine iron wire, or, and more commonly, may be in the 
form of lumped inductances obtained by inserting in 
series in the circuit at intervals coils having the required 
inductance and a minimum resistance. In was jfx 1887 
that Oliver Heaviside pointed out that the addition of 
inductance by either of these methods—inductance 
being then thought harmful—^would be beneficial to the 
transmission of speech. 

Fig. 1 shows the loss for one mile of circuit at various 
frequencies in respect of open wire circuits weighing 
436 lb. per mile (4 * 2 mm diam.) both for non-loaded and 
for circuits loaded with 0 • 247 henry every 7 ‘ 88 miles 
(12*7 km); the computatibns are made for the steady 
state, tliat is, when the temporary effect of transients 
has passed off; From these curves we may see that 
the effect of. loading has been threefold: (1) The 

attenuation has decreased taking 800 cycles for'example, 
from 0*036 to 0*016 mile of standard cable, a reduction 
in loss,^that is an improvement in volume of speech, of 
64 per cent. (2) Between abouf 400 and 2 000 cycles 
the curve of loss has a greater slope for the ioadedffine, 
indicating that* the various frequencies necessary to 
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transnoit satisfactory -speech are less niuformly trans¬ 
mitted, thus increasing tHe frequency distortion and 
so degrading somewhat the quality, which was of a 
very high order on the non-loaded line. (3) At about 
2 000 cycles the attenuation of the loaded line* undergoes 
a decided increase, termed the cut off, so that high 
frequencies are^ extinguished. In addition to these 
three effects^ the speed of the circuit has fallen from 
180 000 miles pey second for th^ unloaded line td 66 000 
miles per second for the Joaded line. 

Fig. 2 shows the results of loading a circuit weighing 
20*6 lb. per mile in dry-core, cable with three different 
types of coil, each at a spacing of 6 000 feet (1 829 m). 
From this we notice four results: (1) The 800-cycle 
attenuation has fallen from 0*94 to 0*30 (taking the 
middle loaded curve as %n example), a reduction of 
68 . per cent in the loss, a greater reduction than was 
obtained in the ease of open wire. (2) Between 200 
and 2 QJ)0 cycles the loaded curve is approximately 
horizon-^, indicating that all frequencies between those 



the general plant caused by loading are that a higher 
class of construction, including transposition, and main¬ 
tenance is required to avoid cross-tallp and to keep up 
the insulation, for loaded lines are much more susceptible 
to reduction in transmission ef&ciency due to lowered 
insulation than are non-loaded lines. With poor main- 


^( 1 ) Extra light loading 


& (2)Medium lieavy loading 

§ III 


-(3)Heavy loading 
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Fig. 3.—^Effect of loading upon cut-off frequency. 


tenance it may well be that the number of days in the 
year during which the improvement due to loading is 
gained is not sufficient to pay for the cost of #loadii;^g. 

This condition of constantly maintained high insulation 
applies also to loaded cable lines, but, high insulation 
being comparatively easy to achieve in* cables, ^littie 


Fig. 2.—Attennation/frequency characteristic of 1 mile of 
0*036 in. cable drcuit. 

limits are almost equally transmitted, so that the 
frequency distortiofi, previously rather high, is made 
less, while the non-loaded curve has a pronounced 
slope; for example, the loss at 2 000 cycles is 1*46, 
that is, 66 per cent greater than at 800 cydes. (3) There 
is the same cut-off effect as was noticed on open wire 
lines when loaded. (4) The frequency of the cut-off 
point* also falls as the loading increases. An additional 
effect is that the speed of the circuit decreases as the 
loading increases. 

Figs. 3 and 4 show the effect of loading on the cut-off 
frequency and upon the velodty oft the cable circuits 
refeiied to in Fig, 2. 

It is seen, therefore, that the addition of inductance 
to circuits, whether open wire or cable, affords a means 
of greatl^^ extending the distance to which sp^ch is 
possible, and of reducing the copper required to transmit 
speech’ over such distances as were previously feasible. 
But it is also seen that, while leading reduces frequency 
distortion oi\|^he cable circui”jj^ it increases this form of 
distortion on the open wire circuit; also that, by* 
increasing the ventage in tite circuit, it augments cross- 
talkj and it reduces the spged of propagation' in the 
drenit. 

So far as open lines, 2 ure concerned^ the reactions on 



Fig. 4.—^Effect of loading upon Velocity of propaga€on, 

reaeij^on is caused by this. The inciOasipd cross-talk: 
caused by loading has, however, caused real difficulty, 
''which has been overcome by great advances ii; the* 
^cable art, not only as regards the constructioij of long¬ 
distance cable iif the factory, but also as regsicds the 
jointing of the wires in the field, both these b&ig 
intended to secure suqh freedom from unbalance 
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between circuits as ^yill obviate cross-talk. -It must 
farther be noted that here, as in many of the latest 
developments,, the effect of variables is nbt necessarily 
local; that is to say, a defect in one place may be felt 
a* long way off iii a section ivhere no defect exists. 
There was ^so at one time, but this does not now occur 
so often, a necessity for great care to guard loading 
coils from bee Oming magnetized; this has been avoided 
in cable loading-coils by the use of compressed magnetic 
dust for the cores. 

Repeaters ,—^Although the telephone repeater has been 
in service since 1905, it is only since 1914 that the 
thenjiionic repeater (which followed the introduction 
of the grid or third element by d« Forest into the two- 
eleiment thermionic valve of Fleming) has been employed, 
and the great impetus to its use has been given only 
during the last five years qr so. The f^ct that a three- 
electrode vacuum tube acts as an amplifier of speech 


repeater will sing.** Up to the present, this .type 
cannot be used in tandem, consequently its use -is 
limited. It may be applied either*to open wire or to 
cable circuits. Second, there is the repeater which 
operates in two directions by means of two unidirec¬ 
tional amplifying units, the so-called 22 type repeater. 
With this t 3 ^e there is much greater fmedom in locating 
the repeater, because the balance is not between the 
two inqpedances offered by the lines on each side of the 
repeater, but between •'the impedance of one line and 
that of a network made to siihulate the dine impedance, 
and the precision with which the network does simulate 
its associated line at all Speech frequencies governs the 
degree of amplification or gain which may be taken 
from the repeater. If the balance is not held, circu¬ 
lating currents will cause the r^pdSiter to sing. Repeaters 
of this t 3 rpe are applicable to open wire and to cable 
circuits. They may be, and are re^arly, placed in 



currents has led to an idea that a telephone repeater 
begins and dnds in a device which relays the received 
current very much as does an electromagnetic relay; 
but the telephone repeater has many important con¬ 
ditions besides the amplifying one, and the fact that 
the reactions on telephone practice, due to the advent 
of the practical telephone repeater, have been and will 
be of very special importance makes it worth while to 
devote some little time to their consideration. 

First let us look at the general types and their places 
in the system. Ther% are, so far, three general types. 
First, the repeater which operates in two directions by 
means of a single amplifying unit, the so-called 21 type 
repeater; this must be placed at or near the centre 
point' of the line because tjie impedances of the lines 
on Oach side of the repeater act as balances to each 
qthet,\a&d, if they are not equal, the unbalmce wilt 
cause cirfcilating currents round the repeater, with the 
result that sustained oscillations will be set up and the 


tandem, and as many as 23 have been used in tandem 
in regular service on a single conversation. This fact 
illustrates that the speech currents are transmitted 
with sufficient accuracy, as, otherwise, cumulative dis* 
tortion would quickly cause degradation of articulation 
to an intolerable extent. Third, there is the i^peater 
which operates in one direction only, the speech currents 
in the other direction being provided for by an inde¬ 
pendent circuit, the so-called 4-wire circuit, in which 
the currents from, say. East to West are taken by one 
circurfc of two wires, with its unidirectional repeaters in 
tandem, and the speech currents in the other direction 
(from West tc5 East) are taken by another circuit of 
two wires, also furnished with its unidirectional repeaters. 
Obviously, if* a special ♦4-wire line werC set’ up from 
subscriber A to subscriber B in which the circipt started 
with A's transmitter ami t^rminated^th B*s receiver, 
and- the circuit in. .the otlier direction were similarly 
treated, there could not be any circulating currents at 
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.CommerciaUy, however, this fe not possible, and it 
tw use the i^sgnlar 2-wire local system, so 

that only the long line porfion of the circuit can be of 
the 4-wire type. With tins type of repeater the circu- 
atmg currents have to travel a long distance, which 
gives rise to great attenuation, before they can get 
back to their starting point for re>amplification, that, 
is, singing, and so a much greater gain can be taken 
from 4-wire wpeaters than from 21 or 22 types, before 
the singing condition is approached. While the 4-wire 
tpe can be employed om either open or cable circuits, 
the fact that it required four wires makes it economically 
more suited to cable circuits; and since the gains 
obtainable a.re liigh (they can be made so high as to 
render the line loss zero between the terminals of the 
4-wire section, which cannot be achieved by any other 
is economically possible to employ this t^rpe of 
circuit in cable i<x distances up to 1 000 miles—perhaps 
further#—and so it Is pre-eminently suited for groups of 
long-distance lines carrying heavy traffic. 



times. Of course it a^II be realized that this only shoAvs 
what amplification the repeater can give; in practice, 
one would not expect such gains when connected to real 
lines. It*Avill be seen how closely alik€ are the gains in 
each direction ; that is, the*speech currents are amplified 
in either direction with very nearly identical gains. 
When the potentiometers were set on tfie fifth step the 
gains were reduced, but the curves of the gain in each 
direction were practically indistinguishable, and the. 
same held good when a still lower gain was taken by 
putting the potentiometer on the first step. 

It will be noticed that these results were Sbtainfed, 
not by any careful and fractional adjustment,^ but 
merely by setting th© pivo potentiometers on simil;^r 
steps ; and it Avill also be seen that the variation *in 
gain produced by one step is approximately 2 standard 
miles. The small inset diagram indicates «some gf 
the pieces of apparatus,, involved, all of which have 
to play their part in the gain at speech frequencies, viz. 
input transformer, vacuum j;iibe, output transformer;* 
filter, and three-winding transformer in each repeating 
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rre(iueiicy, in kilo-cydes • • 

Fig. 7.—^Impedance/frequency curve of 0*157 in. non-loaded 
open AAdre side circuit. 


Whichever repeaters are employed in any line they 
must, of course, be located at the right positions deter¬ 
mined by engineering considerations alone and not by 
political ones. It might, for example, be correct for a 
line to run through Switzerland with no repeater on it at 
all in that country, or for a line to run through Limburg 
on which there would be a repeater in Holland, but no 
appreciable length of line in that State. In any such 
case the j^etworks at the repeater in one cojintry must 
confofhx to the lines situated in other countries. 

The fact that telephone repeaters must be employed 
in tandeni renders their requirements very severe. 
Fig. 6 illustrates the gains obtained from a repegPcer of 
22 type, designed for a loaded cable circuit, taken at 
r3,ndom and connected to an artificial lihe, the control 
of the gain bqjUig by a potentiometer Avith fixed steps. 
The top curve shows the gains from the ‘two repeaters 
in tJie two directions. East and West, for speech fire-' 
quencies when the two potentiometers were set^on the 
same step, the ninth. The gain shpAvn in the curve is 
approximately 22 miles, an energy amplification of 121 


unit. The diagram does not show the potentiometers 
which are placed before the input transformers. 
It will be realized that the gain given out by the 
repeater must, of course, be adjusted to, •and suitable 
for, tlj& type of line Avith -which it. is to be used:; also 
that a repeater is not a universal article which can be 
attached to any line regardless of its make up. 

When, in actual service, repeaters are associated with 
lines, several reactions occur which very largely modify 
previous practice. As befpre stated, the line is balanced 
by an impedance network which simulates the line, 
but in order to keep these networks practicable it is 
necessary that the lines shall be ^ free as possible fr»om 
irregularities, otherwise the networks would be very 
expensive and perhaps impossible. Fi^. 6 shows im- 
pedaime/frequency curves for an open wire line ll km 
r(26*6 miles) long of coppe;. wires haAdng a diameter of 
3 mm (0*118 in.). This is an excellent example'and 
Qo regular that there is no difficulty in providihg'a net¬ 
work which closely simulates the line;-conja&quen^ly, 
satisfactory repeater^ gains can be obtained. The 
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indicated results were found at tlie first trial and with- 
ojit any clearing up. Fig. 7, however, shows similar 
curves for a line that was regarded as a ^rst-class one 
until tests were fl«nade on it prior to using si, repeater. 
Ii?is seen that its impedance curves are very irregular, 
so that in its then state it was quite impossible to 
employ a repeater. Fig. 8 shows a cable circuit 34 
miles (64*7 km) long, from wliich, for some unknown 
reason, the seventh loading noil, about 17 miles 
(27*4 km) distant , from the place of this test, had 
been rfemoy^d. The impedance/frequency curves very 
plainly show how, by this removal, the line is thrown 
out of balance with the network, and one can thus 
see that the removal of the coil would at once render 
useless the line of which it forms a part. The removal 
of a loading coil is a noticeable matter, but the want 
of unifoijaciity introduced by several portions of a line 
having different constants, such as non-uniformity 
caused by the haphazard joining up of lines not con- 
.structed with ^ view to the rigid uniformity required 
for repeatered lines, acts in the same fashion. 



Fig. 8.—Impedance/frequency curve of 0»066 in. lightly- 
loaded cable circuit. 

Fig. 9 shows impedance/frequency cuiVes for a 
phantom loaded cable circuit 39 km (24 miles) long. 
It will be remembered that a phantom circuit is one 
^ which is obtained by superimposing the phantom on 
;two circuits each composed of two physical wires, and 
it is not an easy matter to obtain a low unbalanced 
condition between the various capacities which make 
up such a circuit. In this figure are shown the curves 
for the line and for a theoretically uniform line, and it 
will be seen that the actual line does closely approximate 
to the theoretically perfect line. 

Let us now see what is the overall result in trans- 
misaion when employing a long line in which copper 
and repeaters both contribute to the effective trans¬ 
mission of speech—^what, in fact, is the transmission 
afforded'^ovef the whole system. In Fig. 10 are shown 
frequdncy/attenuation curves for a non-loaded open 
copper wire line 3 400 miles (6 472 !km) long. The 
curves rdjproduced are: (A) actual measurements on 
the line il^hem using repeaters of a type designed for 
and suited to the line; (B) computations based on 


using imaginary repeaters giving uniform gains at all 
frequencies; (C) actual me|LSurements when usipg 

repeaters suitable for otheir types of line but unsuited 
to this one. The line included 12 fepeaters in tandem 
and the results are somewhat remarkable. They show 
(curve A) that the specially designed repeater in con¬ 
junction ^th thei suitable line gives a fairly uniform 
overall loss, approximately 10 standard miles, between 
the frequencies of 400 and 1 800. On th& other hand, 
curve B shows that the theoretical uniform-gain re- 
peateif if used would be very* uiisatisfaqtory, in that it 
would give a frequency/gain characteristic of a very 
undesirable kind and one which would greatly increase 
the frequency distortion. Lastly, curve C shows that 
a repeater suited to the character of one line, if used with 
another line to which it is unsuited, may give overall 
transmission of a highly unsatisfactory nature. 

Since it is not yet practicable to .transmit all fre¬ 
quencies equally, it is evident that sbme sort of-^a com¬ 
promise must be made ; and if a line is composed of 
several sections, on each of which a different compromise 
has been made, the final through result may be less 
satisfactory than need be, solely because of the fact 
that the compromises contain no unity of treatment. 

When repeaters are in operation, they must maintfidn 



Fio, 9,—Impedance/frequency curve pf 0*039 in. phantom 
cable circuit. Medium heavily-loaded cable. 


constant the gains to be given out or there will be 
serious effect on the speech. If we assume a 4-wii;e 
circuit between Rotterdam and Milan, 600 miles (810 km) 
long and having five repeaters in it, operating at gains 
of 23, 30, 30, 30 and 23 standard miles (S.M.) respec¬ 
tively, say an average of 27 • 2 each, we need only consider 
what will happen if the gains fall off, since the gains 
will originally have been set to be as high as safely 
allowable. , Assume, then, that the line without repeaters 
has a net equivalent of 148 S.M. from which we»deduct 
the repeater gains, -6 X 27-2 = 136, leaving the net 
loss ps 12 S.M. Now suppose the gain at each repeater 
station for any reason at ’all falls off by ^ per cent; 
this will represent 0’.64 S.M. each, or 2*7 S.M. foi: the 
five stations, and the net result will then be increasea 
from 12 to 14*7 S.M., an increase of 23 per cent in the 
loss, in the line. Should the gain on each repeater fall 
by 7*6 per cent the total additional loss will be lO-l 
S.M., and the final net less •will be inoreased from 12 to 
22*1 S."m.— an increase of *84‘6 Jer cent. In this case 
the loss would be so great that probably the line \fould 
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become unworkable. I have chosen these examples to 
sl^ow the importance* of uniformity of construction, 
uniformity of maintenance^, and uniformity of operation; 
it will be seen afteAvards what is their particular appli¬ 
cation. The examples are rather understated than 
exaggerated; it would have been quite reasonable to 
have taken a case with 20 repeater stations in tandem, 
and, furthermore, the gain given by a repeater would 
not in fact he one definite figure for all frequencies. 

Fortunately, tfie design of repeaters has been* carried 
far enough, so„that, if correct design is employed and 
if certain regulations for operating routine and main¬ 
tenance are followed, the gains can be held steadily; 
but among those routines axe tests which determine 
when the useful life of an amplifying element, a 
vacuum tube, has ceased, and the required constancy 
in gain can only be held if all repeater stations 
are operating to. the same routine. If the Hne is an 
aerial #ne and subject to considerable changes in tem¬ 
perature the resistance alters and another source of 
variation in overall transmission equivalent is intro- 
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frequency, in liilo-cydes 
Fig. 10—Attenuation/frequency characteristics of long open 
Wire line. 

duced. If these cjianges are serious they can be 
^mpensated automaticaUy; if not so serious they can 
M dealt with by operative routine. The lesson is 

best 

^ults. those persons operating the various repeater 
station must be operating to the same routine, ernploy- 
ing thg s^e technique and under the one contrd. 
gain, vrhen breakdowns occur important circuits 
out of ortor, but mutt iu»Ji.Sr£ 
tempo^ly re-routed to restore the service. Such 

^d line ^t the repeater station, and this may have to 
be dealt with by altering the gain of one (£ 

wtach case alterations will probably be required at all 
other repeater stations along the liie), or b7cha^riS 
^ ** possible to foresee ^ pessible 
comfe^tions and emergencies, it would doubtiess be 
^veri^*’ economical, to establish routines 

Sfe fa attention; ljut obviously 

^ IS not pi^ble. and the only commercial solution 
lies in unity of control of the line from beginning to end 
been shown that the result of loa(Lg tte 

Sti^laLn attenuation and somewhat iripaiSi 
articSilation m open wire circuits, and reduced attenua- I 


I tion and better articiriation in cable circuits. Now that 
the use of repeaters has become possible, additional 
energy can be put into the line as required and the 
attenuation can be reduced by that means. It is 
therefore no longer ne^pessary to sacrifice the qnalirty 
which can be obtained on open wire circuits by loading 
them in order to reduce the attenuatiorf—^this reduction 
can be effected by repeaters. In cable cirpuits, however, 
it was shown that loading was necessary to reduce the 
frequency distortion. Consequently, long, heavy, open 
wire lines are not now loaded at all but ar^ repesMiered, 
resulting in improved articulation, and the •Increased 
speed of propagation avoids echo trouble, which only 
became insistent because of the more powerful effects 
derived from repeaters. Witli cable circuits, on the 
other hand, loading stiff obtains. It cannot be aban¬ 
doned since it is necessary for the reduction of frequency 
distortion, but the tendency is towards lighter loading 
so as to raise the speed of the circuit, thus reducing the 
echo trouble which, because ^f the^ reduced speed and. 
me great electrical length of loaded 9 able circuits, 
demands most careful consideration. 

Carrier circuits .—In the search, after increased 
capacity of telephone and telegraph circuits, thcKo has 
recently been developed and put into commercial service 
me carrier system which has been added to the*' well- 
known methods of superimposing phantom telephone 
and compositing telegraph circuits. In this new method, 
earner waves of different frequencies for each channel 
of communication are generated. If the channels are 
o be used for telephony such waves have a frequency 
ibove the audible limit. By means of band filters the 
lesired range of frequency is permitted to pass into each 
Jhannel, but only frequencies within that range ; thus 
m a 4-channel telephone carrier circuit the frequfucies 
night range in four or eight separate bandsVith outside 
inuts of 4 000 to 27 000 cycles per second. Each caiTier 
.aye IS modulated independenriy by the yoice cumSS 
o be transmitted by that channel, and SJl the modulated 

^ rr ^^ri®r waves, are transmitted pvei; the 
+ ’ reaching the far end, the waves are filteted 

each mto Its proper channel according to the carrier 

then de- 

lodulated leaving the voice current free to be fartlxer 
ordinary circuit. Because of the 
Lcrea^ed frequency of the carrier waves, greater ^tenua- 
won occurs with them than with the voice waves and 
repeaters must be equipped more fre¬ 
quently than voice current repeaters ; also, for the 
currents c^not be transmitted 
lit remembered 

a loaded 

11 loaded earner circuits are required thev mii«!+ 

tte construction and maintenance of carrier lines and 
equipment, and because the equipment fa eSiSe 

be'ecoSiiS'* “““derable lerigth in ortler to 

As an illustration of the advantages to he-froinA/i Ts 

C«ca.f. oi op«. .to from Hatoburgi 
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cisco, about 2 600 miles (4 050 km)^irect distance apart. 
Op four conductors on this route the loads carried are :— 

2 physical telephone circuits, 

1 phantom telephone circuit, 

4 earthed telegraph circuits, and 
a var 3 dng number of carrier telegraph circuits ranging 
from 6 to 20. 

Two of the Sections on this rqute in detail are :— 

Between Chicago and Omaha. —450 miles (729 km) 
direct»dktance apart, four open wire conductors carry: 

2 physical telephone circuits, 

1 •phantom telephone circuit, 

4 earthed telegraph circuits ^Shich can be worked 
either 1 way or 2 way at will, 

20 2-way carrier telegraph circuits. 

27 total circuits on 4 wires; 

This is showi in Fig. 11. 
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Fig. 11.—^Diagram showing the load carried on the ^i^hicago— 
Omaha line. 


Between Chicago and Pittsburg. —450 miles (729 km) 
apart, eight open wire conductors carry : 

4 physical telephone circuits, 

4 lialves of phantom telephone circuits (e< 3 [uivalent 
to 2 circuits), 

8 earthed telegraph circuits which can be worked 
either 1 way or 2 way at will, 

37 2-way carrier telegraph circuits. 

61 total circuits on 8 wires. 

^om another route we take the following: 

Between New York and Philadelphia. —90 miles 
(145 kni) aparii two conductors in cable carry, though 
not by carrier circuits : 

1 physical telephone circuit, 

30 special signalling circuits. 

31 total circuits on 2^ wires. 


From Chicago to Omaha or from Chicago to Pittsburg 
the direct distances are about the same as from Paris 
to Berlin, from Paris to Mat^eilles, pr from London fo 
Milan. From New York to Philadelphia is about the 
same distance as between London and Birmingham. 

At present there are in actual service in the United 
States the following miles of carrier route and channel; 

Miles of Route Miles of Channel 

Carrier telephone 4 776 16 676 

Carrier telegraph 10 919 78 870 


Total 


15 695 95 446 


Cross-talk. —^Applications such as have been described 
demand a much higher degree of refinement, in order 
to avoid cross-talk, than tho^e which have previously 
obtained in the construction and maintenance of long¬ 
distance lines. To obviate that evil, it is necessary that 
at every point throughout the entise length telephone 
lines should have the two sides of the circuit equal in 
admittance to earth and equal in series impeiiaiice, and 
these must be equal over the range of voice frequencies. 
This is a very severe requirement, but very good 
approximations to the result required are being made. 

Fig. 12 shows the effective resistance unbalances iqf 
a non-loaded open wire 4-2 mm (435 lb. per mile) 
phantom circuit in good condition, and also with an un¬ 
balanced leak between one wire and earth, 147 miles 
away from the point of test. Unbalanced condi¬ 
tions may obviously arise by such defects as faulty 
joints, incorrect transpositions, faulty insulation, and 
apparatus faulty in design or maintenance. Furtiier, 
cross-talk as an effect of unbalance is accentuated by 
repeaters, since too much energy delivered into a line 
may produce an intolerable amount of cross-talk. 

Interference. —^A matter which is assuming more and 
more importance is that which in* the communication, 
art is termed " interference,*' meaning by that term 
the reactions which occur between weak-current com¬ 
munication circuits and heavy-current lighting, power 
and traction circuits. 

The effects of these reactions to the communication 
engineer may be serious and fall under the heads of :— 
Noise; false signals; breakdown of the line; fire 
hazard ; acoustic shock; electric shock. 

Some consideration has already, been given to the 
question of balancing the telephone circuits ana,* before 
looking at the same matter in regard to the power 
lines, perhaps it may be useful to give an idea of the 
relative trouble caused by different frequencies. 

Fig. 13 shows the relative interfering effect of umform 
currents at various single frequencies in a.i^lephone 
receiver. The interfering effect is very unequal, and 
tlie importance of the wave shape in power circuits will 
be inferred from tliis curve. 

On the power side, residual and balanced components 
of the power circuit voltages and currents may cause 
such trouble as to be beyond the ability of the communi¬ 
cation engineer to cure. Every commercial three- 
phase S 3 rstem, for example, which has not been properly 
transposed is an unbalaneed system, and afiy change 
in the’ separation of wires or l?eight from the ground 
will affect jthe balance to earth, which generally is 
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of more importance than balance of load between 
phases. This unbalance can be much reduced by 
tfansposing the power Okies. Again, even if well 
balanced during normal operation, power lines are 
invariably thrown badly out of balance by abnormal 
occurrerices such as the opening or short-circuiting 
of the line; and sometimes the circuit and switching 
arrangements are such as needlessly cause unbalanced 


solution. Let the engineers of the two industries 
first get together, unfettered by any partisan tie, to 
seek the best methods of getting rid of the trouble, 
and after those best methods have been found, on the 
basis of tie least total cost, then, and only then, let 
the question of settling the apportionment of cost as 
between the interests be taken up. The ordinary 
difficulties of a complex situation are frequently 
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Fig. 12.—Effective resistance unbalance/frequency curve of 0'166 in. open wire non-loadod 

phantom circuit. 


effects, not perhaps noticed by the power engineer, but 
vejy troublesome, if not worse, to the communication 
Engineer. 

Now it must be recognized that these industries— 
involving the telegraph, telephone and railway signalling 
systems as representative of the light-energy gioup, 
land the lighting, power, railway and tramway S 3 ^tems 
as representing the heavy group—are both of them 
necessary to the well-being of the world, and they 
must learn to live together harmoniously and to avoid 
or mitigate the otherwise serious reactions between their 



Fig. 13.—Relative interfering effect of^ingle-frequency 
currents in a telephone receiver. 

respective circuits. It must also be recognized that 
in grappling with this difficult problem there cwmot 
be, 3nd^ ought not to be, any claim by either side for 
priority of protection or preferential treatment. It 
is wrong for -^e heavy-current interest to say: Let 
light-curr^t industry take care of itself. And it 
is equally wrong for the light-current industry to say: 
The hea^-currei;t business i^iust be conducted in 
such manner that we, with our existing arrangements, 
shall c* be undisturbed. There is only one sensible 


rendered more difficult of solution by an endeavour 
at the outset to fix responsibility for the interference. 

Much has already been done by joint stu^y to 
reduce interference, and in some cases, such as those 
of electrolysis, it has been found economical to the 
'' heavyindustry to avoid certain defects in construc¬ 
tion which were first brought to light by the complaining 
light industry. But in all cases the lesson is always 
being pressed home, that success is certain to coqjie 
when each party makes a real endeavour to learn the 
other's problems and to appreciate the efforts made 
by him to solve them. 

Heretofore a long-distance telephone^ Aine was a 
relatively simple structure consisting merely of a pair 
of copper wires, either open or in cable; this could 
be maintained comparatively easily in good order by 
independent maintenance units situated «along the 
length of the line. But with repeaters and loading, 
that simple structure has vanished, the plant is ifiore 
complicated, and the various parts are interdependent 
on each other. It is no longer possible to consider 
maintenance of each part solely as a sectional matter— 
what is done at one place may cause serious reactions 
at another, and the line as a whole must be considered. 

We can now, therefore, obtain certain advantages 
in the construction of through lines, but only if we 
are willing to give the attention necessary to secure 
them. It is false to imagine that we can obtain 
the benefits of the present knowledge without taking 
the necessary steps to secure them. The benefits 
are: 

Great increase in the distance over which communi¬ 
cation can be given. 

Great increase in the number of channels of 
com^nunication, telephone and telegraph-; which can 
be provided by one pair of wires. 

Great increase in the number of circuits which 
can be placed in cable, numbers such that it would 
be impossible to find space for them if all circuits 
were to be open wires. 
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Greatly reduced annual cost of circuits and improve- 
t»ent in quality of speech. 

Increased security of service by reasoi^ of circuits 
being in cable. 

Increased speed of service by reason of greater 
number of circuits. 

The principal points to which attention must be given 
in order to secure the above advantages are :— 

Definite decision as to tlie work each line is to do, 
that is,•planning in advance. 

. Definite standards of performance to be required of 
the pomplete line. 

Unity of treatment of ali transmission matter 
affecting the line over its full length. 

Unity of treatment of all transmission matters 
affected •by the cohnecting of the line to other lines, 
whether trunlcs or subscribe!®* lines. 

Unity of maintenance control oyer complete length 
of the line. 

Unity of 'Control over repeater gains over the 
complete length of the line. 

Unity of operating control over the whole length 
of i^e line. 

Education of all sections of the telephone staff in 
transmission, maintenance and operating practices. 

Without this education among all detail members 
of the staff it is impossible to obtain the benefits 
now available. It* is not sufficient for a few engineers 
in any administration to be familiar with these 
matters; they must be made part of the general 
knowledge of all, and ttiis is particularly true of 
education in matters affecting transmission which 
«iust, by some means or other, in the var 3 n.ng degree 
required, bcu made to permeate all classes of the 
staff who have to do with the transmission plant. 

The telephone service has certain special features, 
as follows':— 

(1) . The unskilled public is an actual participant in 
a call; the matter is not merely handed oveff to a 
skilled operator, although the skilled operator also 
participates. 

(2) It is essentially a through service, i.e. the whole 
circuit embracing the calling and the called persons* 
jlnstruments and the complete line connecting them 
are simultaneously in use for each call; themfore, 
all parts of the circuit must be harmonious, although 
these parts may belong to and be operated by different 
owners. 

(3) The operators at the various stages along the 
line have to co-operate with each other, and differences 
in the operators* technique will decrease the efficiency. 

(4) It is a world service, for it is impossible to set 
any dimits. to the service, which must extend as the 
degree of technical knowledge permits. 

frequently in industry one cannot obtain an absolute 
standard? and recourse must be made to relative ^om-. 
parisons. It is so in telephony, and as I assume that 
I may take it for granted, at any rate by those who 
have sthdled the matter, that the tejephone systems 
of tl^e United States are in advance of those operating 
in Europe, it is worth while to see wherein lie the 


differences (altogether apart from ownership), and 
particularly the differences in organization, and’to 
obtain some idea of the telephone system in the United 
States, which now has nearly two-iiiirds of the tele¬ 
phones installed throughout the whole world. In 
that country there are at present over 10 000 companies 
owning and operating over 14 000 000 telephone stations. 
That total number divides into two broad classes : 
those having some kind of connection with the Bell 
System, and those which have not. Again, the first 
class divides into those knoY^n as Bell-owned, and 
others as Bell-connecting with an independent ownership. 

We may tabulate the .telephone statistics of the 
United States tlius :— 



No. of 

July 31st, 1922 
No. of 

Per 


Companies 

Stations 

cent 

BeU-owned companies . . 

26 

9 223 770 

66*0 

Bell-connecting companies 
(independent ownership) 

9 289 

4 620 726 

31-8 

Total Bell System .. 

9 316 

13 744 496 

96*8 

Non-Bell-connecting com¬ 
panies 

6179 

462 697 

3-2 

Total.. .. .. • • 

10 194 

14 197 092 

100*0 


In his Presidental Address in 1906 Sir John Gavey 
referred to the growth of the Bell System as absolutely 
startling.** He said there had been an increase of 
1 460 000 stations in 7 years—an average of 207 000 
per year. But since then the increase in the Bell- 
owned companies has been an average of 410 000 per 
annum, or twice the number which startled Gavey.* 

Taking the population of the United States at 109 iml- 
lions it will be seen that there is now one telephone station 
to every 7*7 persons, while in the year 1900 there was' 
only one telephone station to every 66 persons. Since 
the beginning of the twentieth century, while the 
population has increased by 45 per cent and the volume 
of general business (judged by the best data available) 
by 100 per cent, the number of telephone stations has 
increased by over 900 per cent. 

Again, if we judge progress by capital expenditure, 
we find that the investment of the Bell-owned companies, 
which was J180 700 000 in 1900, had increased by 
267 per cent by 1911, and by 766 per cent by 1921, 
and then stood at a total of |1643 866 646, say 
£346 000 000. 

As a method of trying to give an impression of the 
telephone service in the United States, it may be 
said that from his telephone in that country a sub¬ 
scriber can reach out over more than 4 000 nnles^ and 
can call practically any of the 13 700 000 stations referred 
to, situated in 70 000 cities, towns and villages; and 
the statistics show that the telephone communications 
in tha4 country outnumber the postal comijitinications 
by 60 per cent. It is agreed by those best qualified to 
judge that American industry on its present^ scale? 
.could not function without the telephone service as 
they know it there. 

From these figures it will be seen that, while there*are 
many telephones which ajre mot part of.the Bell*System, 
the great majority (97 per cent) are part of that orgamiza- 
tion of companies, and, further, it may be stated that 
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with a few exceptions those companies which are not 
part of that S3^tem -are, on the average, a collection 
of small concerns. In vrhat follows, and generally in 
connection with the expression “telephony in the 
United States,“ the Bell System is referred to. 

There are five outstanding features in the organization 
of the Bell System, and I think it may be said that 
these features are essential in any effective organization 
for telephony on an extended scale. 

The five features are :— 

(1) Local operating organizations, thus making for 
decentralization. These organizations, or companies, 
possess large measures of authority. 

(2) A central administrative direction and control 
over the local organizations. 

(3) A long-distance rf>rganization constructing and 
operating the long lines by which the local organizations 
effect intercomngLunication. 

(4) Control of -fehe manufacturing organization. 

(6) A. central organization for scientific research, 
developcront of apparatus and technique of construction, 
maintenance and opercCtion. 

In Europe, generally speaking, and considering the 
nations separately, we find :— 

(1) An organization having a central authority with 
no separate local authorities, 

(2) A series of administrative areas charged with 
the duty of maiataining the service under the central 
authority. 

(3) No one department charged with the duty of 
through business. 

(4) No control over manufacture. 

When we consider Europe as a whole we find 
A number, about 40, of self-contained local oper¬ 
ating organizations, each, in the majority of cases, 
conducting a local business and a through business 
within its ^ea, aClso that part of the international 
through business which lies within its own borders. 

(2) No organization controlling or co-ordinating the 
various local operating organizations, which yet have 
to function as’ a whole. 

(3) No means of keeping the separate organizations 
in touch with each other, and no systematic means of 
adjusting differences in matters of daily practice, 

(4) No organization of any kind which handles and 
cares for the through business as a whole. 

(6) No common agreement as to manufacture. 

(6) No common research, standard practice or 
technique of construction, maintenance and operation. 

At the moment we are not concerned with the effect 
of tins loose coupling upon the local business of each 
country, but little consideration is needed to appreciate 
its harmful effects upon the through business between 
countries, whether the length of line over which such 
business is •conducted is great or small. There are in 
Europe large centres of population within such distances 
t)f, and in such commercial relationships to, each other 
ihat traffic would be forthcoming did ade.quate facilities 
but exist, 'fhere is no engineering difficulty, so far 
as distance is concerned, in constructing and operating 
lines at commercial rates'^©--give satisfactory speech 
frona any part to afiy other part of Europe," but at 
present the through business is meagre, in quantity, | 


slow and inefficient. Under the present conditiohs, 
practically the only way in which the nations ean 
co-operate in these matters is that, when new lines are 
to be constructed between countries, there is co-operation, 
and consultation betweefti the representatives of the 
countries concerned, and occasionally there are inter¬ 
national conferences. But these do hot, and cannot, 
produce a unified system. All that th^ can do at the 
best is spasmodically and partially to compromise on 
a few outstanding differences in practice, which 
between whiles grow up unchecked, and to -leawe un¬ 
settled such large questions as caimot be a'^eed. 

The settling of arrangements, and particularly the 
financial arrangemeij±s,^or the construction of additional 
direct lines between contiguous countries constitutes an 
operation difficult enough; but when it is sought to 
construct linee between non-contiguous countries, in 
which cases they have_ to traverse countries not in¬ 
terested in the traffic desired by tl^ terminal countries, 
the difficulties in the way of. getting anything done are 
g^eat indeed, and much praise is due .to the energy 
and enterprise of those men who have succeeded in 
achieving the service now in operation. 

Yet there is every indication that, given faoilities, 
there is traffic waiting to be handled between the cities 
of Europe as between the cities of the United States. 
The opinion of some of those well qualified to judge 
is that the differences in language and customs do not, 
as they would at first sight appear to do, Constitute a 
serious bar to international communication by telephony, 
and there are weighty reasons such as the present 
necessity of improving the relationship between nations, 
in addition to the normal commercial advantages, 
which render it safe to forecast sufficient through 
business to. warrant the setting up of a con^petent 
orgamzation with the plant necessary to handle the 
trajOG.0. 

There is, however, little likelihood of speedy and 
econonuc^ construction and operation of such lines as 
ajre necessary Ibetween, say, London and Stockholm, 
involving 3 or perhaps 5 intermediate non-interested 
countrms, ILondon and Kiistiania involving perhaps. 
6 intermediate countries, or London and Petrograd 
involving 8 intermediate countries; and yet there is 
nothing fanciful in the idea of quick communication 
between such places. The direct distSince between. 
Brussels and Athens, or between Paris and OSnstanti- 
nople, is 1 300 miles—about the same distance as between 
New York and Omaha, or between Chicago and Salt 
Lake City, between which places calls can be made 
at any time. The direct distance over land between 
London and Bagdad is about the same as between 
New York and San Francisco, over which line conversa¬ 
tions take place daily, while the direct distance over 
land between London and DeWii is about the direct 
distance from Key West in Florida to New York, 
thence to San Francisco and thence ^to Los Angeles! 
in California, over which distance calls ‘'can “be made 
re^larly. As a further,, encouragement, it may be 
said that the New York-Chicago cable, now in Course 
of construction, will have a gross transmission eqiiival^t 
so great that if a 435 lb. (4 *2 mm) open wre circuit 
were constructed to H:hat equivalent it might be 10 000 
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miles long, enough to connect Paffis to lie telephone 
sy&*tem at Seattle in the North-West of the United 
States and leave enough to spare to take** care of the 
cable across the tiering Strait. Of course, this-illustra- 
tion is uncommercial, but it serves to show that land 
distance is now jio difi5.culty to telephony. 

If we consider such business in the United States, 
we find that there are originated at New York over 
4 000 000 long-distance calls per* annum, and it will 
be remembered that in the United States many calls 
are ma:d^i)v€r lines of considerable length belonging to 


Europe. And yet there is no reason whatever why^e 
service in Europe should not be .extended m a some- 
what similar fashion ; from fact of its denser p p 
tion and less distant cities, Europe y® a^^teg 
over the United States, and these shoidd ^ 

much greater development of the through busmess than 

she now has. 

It is not putting the matter too strongly to say ^at 
through-telephony in Europe under the present co - 
ditions can never be woi;th the name of a service 
that the alternatives are either for ever to be cond 



the local companies, and do not go over the long¬ 
distance lines. Similarly we find that 
Philadelphia each originates something like 2 000 000 
long-distance calls per annum, while such places as 
Boston, Cleveland and Pittsburg each originates about 
500 000 long-distance calls per annum. 

Fi^ 14 is a#map of Europe on which are shown a 
few-9f the iong-distance circuits in fhe United States 
which are in regular daily* commercial operation. I’b 
would. h|Lve been easy to show a great many more, 
but this is not necessary in order t© bring home the 
sinfple feet t£at there exists in that country a long¬ 
distance telephone service such^ as is not known in 


an ineffective, inefficient state of affairs, Qt to. find 
me plan, other than the present one, for deabng witn 
e through business. 

Analysing the conditions of through telephony in 
mope as a whole, it is obvious that each nation, 
vereign though it may be within its own tern.toigr. » 
ally, from the telephone point of view, 
icting a local business over an area^ which is not 
iry ^eat; it is also clear that no one local authority 
in operate its own through-business outside its om 
mndaries.; although tittBly interested, it m^uft at its 
oundaries hand oyer the conduct of its busmeSs, m 
art, to someone else. 
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The through business must be handled a complete 
unjt if it is to be effi.ciently done; it cannot be done 
by independent units. The examples of recent improve* 
ments which I Have referred to have been selected 
mainly because they illustrate the unity of treatment 
required by long lines. The correct course, therefore, 
appears obvious, viz. to depute q body to do for all 
European natrons that which no one nation can do 
for itself. This is not a new departure; it is already 
practised by banlcs and railways in their clearing 
houses—^no banlc would now tolerate for a moment 
any attempt to effect for itself clearance of the various 
cheques presented to it daily, and consequently we 
find that the banks themselves have established their 
clearing house, which performs specialized functions 
for all banks, and thus expedites the work of all. 

The corporate spheres, assigned to any telephone 
authority may be determined by political, financial, 
legal or other cofisiderations, and by reason of these 
spheres and considerations the authority is entitled 
to receivt revenues and is obligated to pay the taxes 
and bills arising out of or payable in respect of those 
spheres. But these corporate spheres have, in reality, 
nothing whatever to do with the operating areas, which 
ought to be fixed solely with regard to obtaining the 
most efficient operating possible, and without any 
regard whatever to the corporate spheres. If the two 
differ, it is quite feasible for the operating authority 
to account as between any two or more corporate spheres 
without sacrificing any operating efficiency. Once the 
fact has been grasped that there is no reason whatever 
for the corporate spheres of influence and the operating 
areas to be identical, and that each requires quite separate 
consideration for its determination, there will be no real 
tiifficulty in arranging operating areas for efficiency 
and apart from corporate spheres. 

•With sectional, non*unified control over the various 
portions of the through business, it is not possible 
to design, construct and operate through-lines of com¬ 
munication in a manner capable of meeting the needs 
of the public. It has already been shown in what 
manner conditions in one part of the plant may react 
on conditions at. another part, and how these parts 
m&y be distant from each other, so that in fact what 
is done in one country may render ineffective the efforts 
made in another country. It ought not to be necessary 
to labour this point, but perhaps an analogy may 
help. The through business is as much a unity as is 
military operation; we have seen the advantage gained 
by unity of command in warfare and no one would 
now ^ advocate independent multi-commands such as 
were €Qien in 1914 and the early years of the war. If 
it was possible for the nations to agree on such unity 
of control for the purposes of war, it ought not to be 
beyond tlseir powers to agree to a unity of <^ntrol 
for the efficient working of the through-telephone 
business. It is not enough for the separate organiza¬ 
tions to attempt to agree to a code of i^les to which 
each shall subscribe—such an attempt would only 
be to court failure. The business is varying, flexible, 
and ver/much a living thing <5 it demands intelligent 
and prompt treatmenlTof its many variations, it requires 
control from central .points carrying with it the power 


to instruct persons at great distance in the routines and 
duties they are to perform, and such control can o’hly 
be effected by a living authority always on duty. 

Besides the engineering considerations which have 
been dealt with, there are weighty reasons connected 
with the matters of circuit lay-out business policy, 
rates and operating, about which much might be said, 
showing the impossibility of giving an adequate through 
service without unity of control, but this is not the 
place to deal with them. 

It is easier to anal 3 rse the conditions and to sfate the 
fundamental requirements for efficiency, than it is 
to propound a scheme for an effective organization. 
Yet some effort at « solution must be attempted; qveir 
though it is unlikely that the first attempt will be 
successful. Any solution must find some method of 
satisfying the financial needs of thb business as well as 
the technical requirements. At present it is difficult 
enough for the varipus administrations to obtain from 
their Governments the moi^ey required for the con¬ 
struction of such plant as is demanded by their own 
traffic, let alone for the fostering of traffic by the con¬ 
struction of lines not yet called for by public demand, 
and for the construction of lines between non-contiguous 
countries, which lines, although demanded, are not 
required by the natives of the intermediate countries 
through which they pass. In fact, in spite of the reality 
that Governments can borrow money at a cheaper 
rate than can public companies, it remains true that 
Governments do find difficulty in raising the capital 
necessary for the legitimate demands of telephpne 
development. 

The alternative suggestions which present them¬ 
selves are:— 

(1) To operate all the through business both within 
and between the various countries in Europe by a 
single long-lines company working under licences from 
the various Governments, taking tlje calls from the 
local originating organizations, and being entirely 
responsible for them until turned over to the loci 
receiving organization. 

Governments would put the long-lines company into 
a proper legal position, and make it plain that the com¬ 
pany had the goodwill and support of the country, 
and they would co-operate with the company in the 
handling of the traffic. ,It might also be found desirable 
to tetn over to the company, either on purchase or' 
rental, certain lines and equipment already in existence 
for handling through traffic. 

The advantages of this course would be that unified 
control could be achieved at once. The service would 
be on an ordinary commercial basis, and, if the fees 
were correct, sufficient money could be raised to con¬ 
struct all lines and equipment called for, 

(2) The second alternative is fur the various Govern¬ 
ments to form what would in effect be a private company 
or Commission, of which the Goverumr^nts only , would 
be the stock-holders, to do the work described in the 
ffirst alternative, and from each subscribing Govern¬ 
ment the Commission would derive its authority in 
that country. The Commission being supplied by 
funds, on some agreed plan of participatioir by Caclx 
Government, would be the sole judges of the. plant to 
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be constructed and operated, within the scope of the 
naoneys put at its disposal, and it would assume the 
ordinary responsibilities of a board of directors of a 
public company, carrying out all the necessary-functions 
and periodically reporting resuKs to those who supply 
the capital. It might be that all plant constructed 
in any country should belong to that country, and tliat 
the capital to«be provided by that country should be 
its proper share depending upon the plant within its 
own borders. 

In 'addition, the Comraiission could hire facilities, 
where economical, from the local administrations in 
cases where it would not be economical for the Com¬ 
mission to construct its own 4in%s. Such lines could 
be hired on a permanent or temporary basis. In the 
first case, they would be paid for at a proper rate per 
year; in the second case the local ahthority's lines 
might be made use of, and the compensation to be 
paid by the through-business Coipimission might be a 
proper portions of the fee paid by the public. 

The above is the merest sketch of a scheme, but if it 
should find acceptance I am ready to put forward for 
consideration by the proper authorities a plan which 
I bdieve will be found to provide a basis on which the 
countries can be represented on equal terms and by 
whicfi no unfair burden is placed on any country, and 
I believe that such a plan would result in better service 
and be self-supporting. 

(3) The third altfemative is frankly one of a tempor¬ 
izing nature, being intended only to cover a study of 
this difficult problem. It is that the various operating 
telephone authorities should form themselves into an 
association for the purpose of studying this and other 
li^attets. Such association might come about gradually 
if necessary ^^nd regular meetings might be fixed for 
tha purpose of studying a pre-arranged programme, 
which, apart from the larger question as to how the 
through business should be operated, might include 
the fixing of standards of measurement, performance 
and methods to be recommended to all, and to be 
enforcesjble on those who subscribe to the association. 

if I may venture to make a definite suggestion, it is 
that the telephone authorities of Europe—ihcluding 
the United Kingdom—as telephone-operating authorities 
rather than as Government departments—^should hold 


an early cjpnference of all the telephone authorities, 
companies and municipalities«as well as Government 
departments, to study in 'detail ttis problem and 
endeavom to find a solution. I am convinced that 
unity of control over the through traffic must obtain 
in the end, but whether the through traffic is handled 
by one organization or by many, tl^e are matters 
which urgently require agreement for the improve¬ 
ment of telephony as an efficient agent for service in 
Europe. 

Almost entirely, what has been said is limited to 
through communication by telephony. This is not 
because there is nothing to be said regarding local 
service, but rather because it seemed better to try to 
focus attention on what at the moment is the greatest 
telephone problem in Europe, namely: How shall the 
through business be orgjanzed ? Fortunately, the 
solution of this problem has never yet been seriously 
undertaken and, the whole matter being quit^ open, 
there are no standing decisions to be reconsidered. 
The engineering considerations^ make it plain that the 
communication which is possible, both technically 
and commercially, cannc?t be established under the 
present disconnected organization. As with a pro¬ 
gressing organism, the time has come when the organizh*' 
tion must, if it is to remain efficient, change from uni¬ 
cellular to multicellular, and the various ceUs'must 
take up special functions rather than all functions; in. 
that way only can the whole c>rganization make progress. 

One way of increasing goodwill among nations— 
especially necessary to be encouraged by all means 
possible at the present time—is by greater and ever 
greater intercommunication by all methods. In the 
telephone we have the most perfect means of communica: 
tion of which we know, immolate and perfect hun^ 
speech with all its tones and inflections, and the ability 
by interchange of conversation to remove misunder¬ 
standings. If only we will use it, not alone will it 
benefit the industry of the nation, but we shall be. 
making a definite step towards reducing the in-temational 
jealousies and fears and increasing the goodwill without 
which there cannot be peace on earth. 

To those many friends for whose kindness in supplying 
data and discussing the subject here presented I am 
greatly indebted, I owe and tender my grateful thanks. 
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By F. Tremain, Member. 


(.Address delivered at Bkisiol, Qth October, 1922.) 


place I desire to express the honour 
which I feel in b^g elected Chairman of this Local 
Centre of the Institution, the success of which I have 
very much at heart. It is nearly 40 years since I was 
elected a Member and I am the happy possessor of a 
complete set of the Journal. 

unfortunately prevented from attending 
the Commemoration Meetings at which I was invited 
o speak, j^haps f may be allowed to enumerate some 
of the difficulties experienced by students in the 
e^Iy days soon after the passing of the Elementary 
Education Act. Especially in the provinces, there 
were v^ few science classes or laboratories and 
pra.^cally none for technical subjects, as the Qty and 
Gmlds of London Institute could not for many years 
find quafified teachers. I, with another telegraphist 
and the local linesman, a trio of enthusiastic students, 
persuaded a science master to let us attend his ele¬ 
mentary class after we ourselves had passed that 
s^e, m order to take the advanced grade. Our 
plan was to use Silvanus P. Thompson’s “ Electricity 
Magnetism/* and study the small-print notes at 
the foot of each page, giving the mathematical proofs, 
e c., whilst the rest of the class took the ordinary 
course. We wrote up our notes and the teacher 
^nrected them week by week. The plan proved 
^ ^ it formulated our work^ 

which students working alone often find di£5.cult. We 
ordinary grade telegraphy with the same teacher, 
^though he declared that we knew more about it 
^an he did, but again with the aid of the City and 
Guilds syllabus he formulated our work, and we all 
three passed in both subjects. We then worked for 
^d took the ordinary grade in Electric Lighting and 
Power, using Thompson's "Dynamo-Electric Machi¬ 
nery as it appeared, I think, first in the Electrical 
Remew. Finally, some of us passed in all the quali- 
science subjects, and subsequently obtained 
Honours certificates in both Telegraphy and Electric 
Lighting and Power. 


I was then appointed a registered teacher by the 
City and Guilds Institute, but although we had a 
most alluring circular printed, promising inspection of 
main lines, etc., not a single telegraph derk would 
join the cl^. My partner and I then started iip^^ent- 
ing, and our first suggestion was a central-battery 
telephone signaUing system, fqr which* we took out 
proyisiond protection. On being submitted to the 
Engmeer-in-Qhief of the day it was, howfever, rejected 
^ useless, it being then (in 1886) regarded as essential 
that signalling batteries shduld be at the subscriber's 
end End not at the exchange end. of the line. This 
was the year of the Inventions Exhibition and I 


attended a class for teachers, conducts by^y Prof. 
Ayrton, at the City and Guilds Central Technical 
College adjoining the Exhibition. The procedure was 
a lecture in the moriiing, followed by laboratory work 
and demonstrations of the electrical exhibits. The 
teacher students included an Irish priest, a Whitworth 
Scholar, a Japanese and two or •three others. We 
drove and compared ap electric and a compressed- 
air tramcar, and tested an Immisch motor for efficiency 
at various speeds with a ^Prony brake and such 
measuring instruments as we could arrange for voltage, 
current, speed, etc. The supply was not very steady 
and we had rather an exriting time getting simultaneous 
records of the various factors. At that time I was 
greatly interested in small electric motors for winding 
up the weights of Wheatstone telegraph apparatifs and 
had already submitted a model to the Engineer-in- 
Chief of the Post Office. The Inventions Exhibition 
presented an opportumty for carrying out ^ tests, and 
with Prof. Ayrton's permission we tested the efficiency 
of a Httle Cuttriss motor, the data obtained from 
which proved invaluable -later. Subsequently .the 
weights were abandoned, as were most of the train of 
vjeels first in the Hughes printing instrument aij^ 
afterwards in the Wheatstone apparatus, the i^iotor 
I driving the small remaining train of wheels dir/^ct. 
The Hughes as thus re-designed is still, I believer the 
standard instrument in this country and on the Con¬ 
tinent, wherever the instrument is largely used. Its 
final shape was, however, arrived at after many pains¬ 
taking experiments. 

Thes^ experiments were made two or three years 
after my first transfer to the Engineering Branch in 
1887. There was at the time little or no development. 
Mr. Edward Graves was Engineer-in-Chief and Mr. 

K, Preece (afterwards Sir William Preece) was 
Electrttaan. These two gentlemen brought mef on to^ 
their staff and I remained in London for 18 years. 
At the time of my appointment we numbered 10, 
including one draughtsman', but the Headquarters 
Staff now numbers, I believe, about 300. The annual 
expenditure on plant, extensions and maintenance was 
probably under £600 000, including the Stores and 
Factories Departments which are now separated from 
the Engineering Establishment. /The Engineer-in-C-tiief 
of the British Post Office to-day is, I understand, 
responsible for an expenditure of £16 OQp 000 annually^ 
and f(sr the supervision and upkeep of plaiit approach¬ 
ing £100 000 000 in replacement value. 

I wonder if our captains of industry realize the 
^ormous potentialities of the well-equipped en^nee;;- 
ing students who come to them from the technical 
colleges. I have an uneasy feeling that they are 



17 


TREMAIN: WESTERN CENTRE; CHAIRMAN’S ADDRESS. 


better utilized on the whole in other countries. Any 
one of them, if developed to the utmost, might prove 
a mine of wealth in the illimitable field of electrical 
knowledge, technically developed. Yet we *hear of 
freshmen to the factory, with aibrain and hand well- 
trained, being put on machine tools. We want more 
engineering research and some industrial psychology if 
this country is»to hold its own in the application of 
electricity to the service of man."* If our industrialists 
in the electrical field would spend only 1 per cent of 
their met^revenue in research work and propaganda I 
believe thit they would be rewarded a thousandfold. 

When I first joined the Engineering Branch of the 
Po^t Office I was stationed as ejfai^iner at the Depart- 
inerit's new instrument factory at Holloway, and was 
one of three officers who tested and worked all tele¬ 
graph and* telephone apparatus after it ’•had passed a 
mechanical examination before i§sue for service. Every 
instrument made or^ repaired in the factory, or made 
by an outside m*anufactur^, passM through our hands 
and was subjected to a test for correct resistance, 
iqsulation and capability to work at a figure of merit 
which provided a factor of safety under working con¬ 
ditions. We aJsa tested some of the material before 
use, including the conductivity, etc., of silk- and cotton- 
covered wire used for winding apparatus. On the 
bobbins of the various relays, etc., there was little 
margin for variation of gauge and insulation. The 
smallest wirfi used was of 2 mils diameter with a thick¬ 
ness of silk covering | mil, making a total overall 
diameter of 3 mils. It may be interesting to detail 
the'’method of testing wire in those days. The wire 
was first gauged over and under the silk covering, 
and any doubtful 3;eels were taken out. The method 
of chCfcldng the overall diameter was to wind on a 
small taper brass bobbin, on which 1 inch was care¬ 
fully marked off from the cheek at the larger end, as 
many turns as covered tlie inch, examining the turns 
with a watchmaker's glass. The average diameter 
was f^us ascertained, but before thus winding the 
wire it was carefully measured out into 10-ft. l^gths 
and ’ checked as regards resistance. The lengths so 
measured were placed in a box on the face of which 
was fitted- a substantial plug-switch to which the ends 
of each length could be connected inside. Through a 
window in thS box could be observed the scale of a 
special thermometer on which a few divisions %ere 
divided into tenths. The coils remained in this box 
for several hours to settle down. The measurements 
of resistance were made by a standiard Wheatstone 
bridge and a Thomson mirror galvanometer. The 
pbject of tlie box and plug-switch was to protect the 
wires from draughts and the heat of the hand in 
changes during testing. After being tested for resist¬ 
ance ^e wire was measgred for diameter, as explained 
above, then wound on a small copper cage and plunged 
into strong sulphuric adid for 6 minutes, afterwards 
passed mto wdter, soda-water and fresh water in turn, 
dried by evaporation and weighed in a chemical 
balance. From the weight, the diameter and the 
thiQkness of the covering were dedu<:ed. The con¬ 
ductivity ii^as generally found to be a point or two 
over 104 per cent of that of pure eopper, according to 
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Matthiessenis standard. All these various processes 
were carried out to a degrej of accuracy well within 
one-tenth of 1 per cent, and* as they were not likely 
to operate all the same way the result was considered 
to be accurate within 0*06 per cent. This will appear to 
be a very elaborate process for such small quantities of 
wire. It must be remembered, howev^ that in tele¬ 
graph relays space is limited and the electromagnets 
have to change their polarity with great rapidity when 
working at, say, 400 wcjrds per minu4e. The purest 
iron core and the finest copper obtainable were there¬ 
fore necessary if the relays were to respond to the 
specified figure of merit. It must also be remembered 
that in those da 3 rs electrolytic copper was not so 
readily obtained commercially. I will mention one 
other instrument-factory experien«e, from which per¬ 
haps a more useful lesson '*hnay be drawn. There 
passed through the factory annually many thousands 
of instruments singly and assembled in sets, siibh as 
repeater boards, and amongst the former some hundreds 
of Wheatstone transmitters. Ope part of the 'gear is 
a rocking lever locked in its position (right or left) by 
a jockey roller. In this way is secured the reversal 
of current which, controlled by the punched slip, sends 
the signals to the line. When no slip is used, equally- 
spaced reversed currents are sent, and at 600 words 
per minute (the highest speed which has been obtaihed) 
these reversals take place at the rate of 240 per second, 
thus giving the note C below the stave in the treble 
clef. It can be imagined, therefore, that this lever 
and its jockey wheel performed a very important 
function. The lever was specified to be 17 mils at 
the root and 12 mils at the tip, for the purpose of 
checking which a template was provided. I had on 
one occasion a dozen of these on the bench and I 
remarked to my colleague that, as I had been gauging 
these for six months or more and had never found 
one wrong, I thought we might well trust this to the 
mechanical examiners who had previously checked the 
dimensions by a similar gauge. To my amazement, 
before I had examined the 12 instruments the upper 
end of one of the levers proved to be too thick for the 
gauge. The examining mechanic when called in was 
incredulous and thought my gauge must have been 
mutilated, but it was proved to his satisfaction that 
his gauge allowed too great a tolerance. I need h^irdly 
say that the check was not abandoned. 

An interesting experiment in testing the strength 
of material for submarine cables illustrates the great 
care necessary in drafting specffications. I was engaged 
in a famous Thames-side cable factory supervising 
the manufacture of a submarine cable. The material 
before being presented to me was tested on receipt 
from the manufacturers by the cable makers* repre- 
sentati’^es, and on one occasion I was call^ to see 
a large quantity of galvanized iron sheathing • ware 
0*280 inch in diameter vhich was said to be failing 
under a minimum breaking load of 3 600 IJ). As there 
were six or eight barge loads in the delivdly and i^e 
Wire was said to be quite useless for any othgff pur¬ 
pose, the* makers* represehtative vjas in some distress, 
and there was, of course, the danger of the sheatlung 
process being held up for a considerable time if new 
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wir^ haxi to be manufactured. I inquired how it 
gauged and was told Idiat it varied a little but was 
within the limits of 3 per cent laid down in the speci¬ 
fication which, however, stipulated the minimum 
breaking strain for wire of the exact diameter. I 
agreed to accept a slightly lower breaking strain if the 
gauge were lo^g, but within the specified hmits, stipu¬ 
lating, however, that test-pieces from coils which 
gauged higher than the mean should carry a propor¬ 
tionately highen load before'breaking. We carefully 
re-examined selected coils with quite satisfactory 
results and the whole consignment was passed. I need 
hardly say that the specification was amended for 
future jobs to provide for this contingency. The 
material was, as a matter of fact, excellent and quite 
up to specification. 

The manufacture and laying of the first London- 
Birmingham cable provided me with an opportunity 
of te^ng air-sp^ce cable both at the factory and on 
the road. In this length (117 miles) over 570 tons of 
copper and 1 600 tons of lead were used. The cable 
consisted of 76 wires which in the first sections were 
laid up very loosely in four-wire quad formation so 
as to obtain a minimum specific inductive capacity 
between the diagonal wires. After some miles of the 
cable had been drawn into the pipes and jointed, a 
test was made which proved that there was consider¬ 
able cross-talk between diagonal pairs of wires. By 
an elaborate system of crosses at test-pillars this cross¬ 
talk was eliminated, but the remainder of the cable 
was made up in 38 pairs and these pairs were given a 
variable lay so that no two pairs should be similar 
unless three pairs having a different lay intervened. 
,On the completion of the cable between London and 
Leamington I was deputed to carry out a very 
e^austive test, and to equip the cable completely. 
One half was to be equipped with various telegraph 
systems including duplex, quadruplex and Wlieatstone 
automatic on loops and superimposed; and the other 
half with telephone sets. Although the cable was not 
intended for telephone purposes it was thought well 
to try what could be done. All the circuits so pro¬ 
vided were worked- simultaneously without difficulty, 
►and the efficiency of the cable was thus proved. The 
test for capacity, resistance and telephone overhearing 
involved more than 6 000 recorded observations, and 
the equipment of the telegraph and telephone circuits 
involved the use of a very large quantity of apparatus, 
including 26 telephone circuits for listening-in ,at 
different parts of the cable and 12 such circuits for 
conversations which might be overlieard by cross-talk. 

Al ‘Was mentioned in Sir William Noble's recent 
paper ♦ and my remarks in the discussion thereon, I 
initiated ^^e first loading experiments in this country 
early in 1^01. The plant and apparatus used had to 
be^improvised, and consisted amongst other things of 
40 drums of 4-pair 20-lb. telephone distribution cable 
in ^-mile lengths; about 200 telephone, induction coils 
used for loading; variouar telegraph switches for 
changing the coils; telephone ^ansformers used Ss 
bridge leaks across a^spea^g pair and for phantoming 
in the ordinary way; and, of -course, a Wheatstone 
JournalIJs:.E.^ 1921, vol. 69, p. -389. 


bridge, Thomson rdflecting galvanometer and, later, 
a secohmmeter. The cable enabled a loaded and 
unloaded circuit to be made up, identical as regards 
the factors K, B and L, and each 40 miles long with 
access to the circuits at dvery \ mile. It was at these 
160 points that the switches were required and each 
was a double-pole two-way switch. '^The most useful 
improvised loading coil was found to the secondary 
winding of the 25/1 induction coil, the inductance of 
which was 70 mH. With two of these coils at each 
point, connected to the cable by switehes> std that 
either, neither, or two in parallel could be Gsed, good 
results were obtained with two in parallel, giving, of 
course, 36 mH per^ipcgnt. 

Bobbins of this size were next specially wound ^th 
two twisted pairs of 11-mil wire so as to get a greater 
range of inductance, viz. from 10 to 40 mH in each 
wire of a loop at each point; the coils having a total, 
in series, of 80 mH. With 37 o^ these coils inserted 
in 38|- miles of the distribution «able, excellent 
speech was obtained. This cable having served its 
purpose was dismantled and returned to the store. 
The coils were used for trials on the London-Leaming- 
ton section of the Birmingham cable,.and, as the cabler 
had not been jointed through to Birmingham, a short 
completed section between Leamington and Warwick 
was next utilized as an experimental length. Test- 
pillars gave access to the cable at 2|-mile points at 
which tents were erected for coils, switches, etc., the 
cable being looped to and fro at the “ends to make up 
a circuit of about 120 miles of 150-lb. conductor cable 
which could be extended *^at the ends to 140 i^liles. 
Adjustable inductances were made, giving a range of 
6 to 62 mH without an iron core,^andnp to 160 
with a core. This core consisted of 60 of the sijisallest, 
soft charcoal iron wire procurable, slightly str^ded 
and covered with silk, and cut up into suitable liengths 
for the coils. Four of these laminated cores were used 
to obtain the maximum figure. The^ coil windings con¬ 
sisted of four sets of 1, 3 and 9 layers brought eut to 
terminals and so wound and connected as to result in 
a capacity of 0*002 between the A and B halves 
when *all in use. The variations of inductance were 
obtained by joining these windings in series or opposi¬ 
tion, e.g. (A + B -f- C), or (A -f B - C) or (B + C ~ A), 
etc., by means of switches, as well as by the insertio^ii 
of 1 to 4 cores of iron. The coils were moounted in 
sets of 6 on a board with a protective cover and used 
in each tent. This proved to be an extremely useful 
arrangement and witli it the best loading for all types 
of cable was ultimately determined experimentally. 
Cable circuits up to 200 miles in length were spokeij, 
through with aerial-line extensions of several hundred 
miles. The improvement due to loading, in teru^ of 
length, was found to be from 2J to 3 to 1. 

I will mention one more improvised arrangement 
involving the use of some 336 tumbler switches, 
fixed on a board in sets of 66 and arranged-^in 7 rows 
of 8. Each row of 8 wa% used to short-circuit dir bring 
into use the inductances inserted in four pairs of wires. 
The 66 circuity were operated by means di i, lath of 
wood and could be altered in a sebond or fevo, and as 
this was done at any one, or all, of six stations, the 
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difference in the loaded and unloaded cable could be 
observed as often as desired. If alternate stations 
operated, the difference between 2| and 6 inile loading 
• coiild be observed. This also proved to be a perfectly 
satisfactory arrangement, as alihost every conceivable 
combination co]pld be arranged by varying the 
inductance values. 

Based on the^ results obtained, standard loading coils 
were designed, but these have since been superseded 
by the hedgefcog type of coil now being installed on the 
Londoh-Bristol-Newport route and elsewhere. The cast- 
iron pots containing these coils weigh from J to If tons. 

I sl^all only mention one other early difficulty neces- 
-«itatmg improvization which ma;f bdinteresting. Before 
the invention of the insulation-testing set known as 
the ** Megger," I designed one with a horizontal pivoted 
galvanometer for us'e on t^e road. Thfe trouble was 
to get the necessary voltage. On one occasion I cut 
about 10 cyhndrical slices from each of 20 circTilar 
diy cells, and j Coining them in series found I could get 
a perfectly good test up to 5 000 or more megohms 
per mile. We therefore had 3 000 small dry cells made 
and fitted in boxes in sets of 60, brought out tappings 
'to 4 f^rminals through safety resistances, and by using 
six of these boxes obtained the 400 volts necessary for 
a satisfactory test of dry-core cable during under¬ 
ground construction. Until the Megger came into 
general use these served the purpose quite well. 

As an outcome of‘’the experiments with the Birming¬ 
ham cable, single-screened conductors were incor¬ 
porated in the design of the cable, extending it through 
Warrington, Preston and Carhsle to Glasgow, with a 
branch from Warrington to Leeds and Newcastle-on- 
Time. Similar coiiductors were included in the West 
of England jonderground cable which extends from 
London through Bristol, Exeter and Penzance to 
Portlifcumow, for the Eastern Cable Company's service. 
The largest cabl^ on this latter route, a sample of 
which is available here for inspection, is 3f inches in 
diamSter and contains 32 pairs of wires and 72 sCTeened 
conductors, the total weight of copper per mile being 
.9 tons, and of lead 20 tons. I believe that njy esti¬ 
mate for this London—Porthcurnow cable, including 
pipework', drawing-in and jointing and testing eqmp- 
ment, was £328 000. The cable in the western sections 
-of course became progressively smaller until at land's 
End it was only about 1 inchin diameter. A comparison 
of this sample with one of the new London—Bristol 
cable now in course of completion illustrates the very 
g^reat advance which has been made.. 

In the former cable 106 circuits (telephone and tele¬ 
graph) are provided by means of 9 tons of copper per 
mile, apart from superimposing, while in the latter cable 
308 pairs of wires are provided by means of 6 J tons of 
copfer per mile, and the facilities for superimposing axe 
much larger, as 164 circuits, apart from superimposing, 
would Jje provided with the 4-wire repeaters mentioned in 
Sir William iJoble's paper. There are no screened con¬ 
ductors, such screening of ■fcelegraphs as is necessary 
to-day -.bqjng provided by using one wire of a loop 
and earii^ng the other as a screen. Part of this cable 
will be extSnderfto South Wales, and the cable and loaffing 
pots are, I observe, in position in tiie Bristol section. 


The progress thus made in the 17 years since I ,leit 
London for Newcastle-on-l^'e,' on being appointed 
Superintending Engineer, is’ certainly very remarkable. 
Not only has loading increased the efficiency of tele¬ 
phone cables nearly three-fold, as I demonstrated, but 
by the use of thermionic valves in telephone repeaters 
a further four-fold’ improvement, at -^ast, has been 
effected. 

The improvement due to loading is perhaps com¬ 
parably with that brought about in electric lighting 
by the substitution of metal for carbon filaments in 
lamps; but the further improvement brought about 
by the telephone repeater marks, I venture to say, a 
much greater relative advance in communication by 
telephone than that resulting from the use of the gas- 
filled lamp in electric lighting. 

It appears to follow, therel^>re, that supply engineers 
have some leeway to make up, if they are to progress 
as much in their art as telephone engineers hive in 
theirs. Until they obtain a 24-hour load for their 
generating stations the capital expended cfn their 
generating plant, substations, mains, networks and 
equipment, cannot possibly earn a full and adequate 
return so as to bring down the cost of energy to a 
competitive figure. 

I was pleased recently to see in a Bristol newspaper 
a reference to a suggestion which I have been making 
to supply engineers for several years. I refer to the 
supply of hot water for domestic purposes, by the use 
of immersion heaters operated at night when so much 
generating and other plant is to a large extent idle. 
This question of thermal storage is, I think, well 
worthy of industrial research. There are probably in 
Bristol alone, for instance, 80 000 30-gaIlon hot-waten 
tanks put out of use by the.wery extensive substitu¬ 
tion of gas and electric cookers for,the kitchen range. 

I suggest that if these were recovered and converted 
into lagged tanks, or otherwise insulated to prevent 
loss of heat and fitted with heating elements and such 
a valve as is fitted in gas and elecMc steam radiators 
for turning down the gas or cutting off the current 
when a temperature approaching boiling point is 
reached, an extremely valuable storage of energy 
would be provided. The electrical energy stored by 
2 i million gallons of water raised 160 degrees F. in 
temperature is, I suggest, not to be despised. To 
compete with gas for heating water, electrical ener^ 
would probably have to be suppH^d at Jd. per unit. 
It might be worth |d, per unit in view of the immunity 
which electricity provides from fire risks, but the fact 
tixat it can be controlled from a distance is im¬ 
mense advantage, as is also the fact that it can be 
turned completely o£E, whereas gas controlled by means 
of a thermostat is only turned down. 

My suggestion is that a simple "wbrating relay should 
be devised to cut the heaters into circuit, one for each, 
tqnV , at the will of the switchboard attendants, dis¬ 
trict by district. This could probably be done by 
superimposing on the Supply network a signalling 
current, which would possibly be sent to certain areas 
in turn; so as to spread fke supply for this pui^ose 
over the slack hours.- In tact, if this plan is feasible, 
energy for this purpose could be supplied at any time 
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of tjie day or night when there was a sufficient surplus. 
The thermostat would cuj out individual tanks when 
they were sufficiei^tly heated. For bringing this stored 
hot water up to boiling point, necessitating the addi¬ 
tion of cold water and so conserving the supply, I 
would suggest the use of small superheaters on each 
hot-water tap4ji a house. 

As regards the insulation of the tanks, it might be 
practicable, now that aluminium is getting cheaper 
and more plentiful, to provide an inner lining on 
the Thermos principle to existing tanks, exhausting 
sufficiently the space between the inner and outer 
walls. 

A recommendation for this system, if it can be 
successfully introduced, would be the fact that if hot 
water is not used dire to a day’s absence from home, 
only the small leakage of*'heat would be made up and 
charged for, whilst for prolonged absence tlie supply 
shoulcjL, of course,'' be cut off at the main switch. 

Anoth<^ utility suggestion which might be worthy of 
industrial research an<J exploitation is the following. 
We have heard of the superimposing of telephonic 
speech (with the necessary calling facilities by ringing 
bells, etc.) on transmission lines operated at 30 000 or 
even 110 000 volts. Of course on underground power 
cables of any length, or on networks, such speech 
could not be superimposed. The electrostatic capacity 
> of such cables is too high; but signals of a moderate 
periodicity probably could be, and there are buzzers 
on the market which operate at the supply frequency 
and stre intended to take the place of house bells and 
tlxeir batteries. 

The supply frequency would, however, probably be 
too low for my purpose. My requirem^t is a note 
which will awake people from a dead sleep, say C in 
the middle of thp treble clef which is, I believe, 
equivalent to 512 periods per second. Now, if a buzzer 
could be designed which would operate at this fre¬ 
quency only, I would suggest its use for waking people 
up, in preference to alarm clocks.' If such a signal 
could be made to operate at several frequencies, a 
little above and a httle below this, so much 
the.better. These frequencies could then be sent over 
the network at, say, |-hour intervals from 6 a.m. to 
8 a.m. and the renter would be supplied with a small 
instriwent on which he would plug in, or turn a pointer 
on a dial to the time at which he wished to be called. 
If in a city the size of Bristol 60 000 renters of this 
service. could be obtained at, say, 10s. a year, an 
acceptable additional revenue would accrue to the 
supply company for a small expenditure of energy. 
I venture to offer ‘ these suggestions to the supply 
authorities for what they are worth. 


I will conclude '\ftith something in the nature ot a 
vision. When I was in the North of England I 
erected for •telephone purposes trunk lines of H poles 
braced with iron rods and from 40 ft. to 60 ft. in.* 
height. One line ran from Shap, through Penrith, 
Carlisle and Gretna into Scotland, and on the East 
Coast a second line ran from Northallerton through 
Bishop Auckland and Newcastle over 41ie Cheviots to 
Jedburgh; South and north in other districts they 
proceeded into Lancashire and Yorkshire, respectively, 
and both into Scotland. Now Professor Bol^rtson, 
in his Chairman's address * to this Centre in 1916, spoke 
of various ways of getting cheap power, and he sug¬ 
gested that the Cly4e might be dammed. If the 
tidal energy of this river could be conserved, converted, 
and sent down over these lines—^which I suppose the 
Post Office will not requhe when they csen provide 
trunk telephones underground—it should be possible 
to supply energy wijbhout undue es^ense to Manchester 
and Lancashire in general, well as t® the East Coast 
and Yorkshire. There are also the poles and the lines 
to every town and village in the country, and my 
dream is that nearly all overhead plant of this kind 
will in the future be used for power transmctssion. 
Much thicker conductors would have to be employed 
in some cases, but only a few of them, and the total 
weight and strain on the poles would probably be 
much less than at present. The Shap-Carlisle line 
probably carried 4 tons of copper to the mile. On 
the minor cross-country lines, energy for lighting and 
power could be conveyed to every town and village. 
Over these minor lines it would no doubt be possible 
to provide the telephone service by means of the high- 
frequency carrier currents to whiijh I have alxea^Jy 
referred, or by means of telephone cables suspended 
on the poles when these are used for power transmis¬ 
sion. This double utility should cheapen both s&rvices 
and might lead to the re-population of om; rural dis¬ 
tricts, reviving tbeir industries and greatly increasing 
the amenities of country life. 

MaSi lines all over the country, having probably 
a route mileage approximating to 12 000 miles, will 
ultimately become available for other than their original 
purpose. May my dream come true, for the turn of 
the tide of population, at least in part, back from our 
great centres to the smaller towns and Villages would 
undcfiibtedly help towards ''the greatest happiness to 
the greatest number," The increased modem facilities 
for travel will also help to secure this, but not to nearly 
so great an extejqt as the widespread provision of cheap 
electrical energy for light and power and the revival 
of rural industries. 

• Journal2,ES,, 1917, vol. 55, p, 37. 
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By R. D. Archibaid, Member. 

\Addfess delivered at Dundee, 10/^ October, 1922.) 


In the progress which has been made in 

the desi^ of electrical machinery during the last 20 
years, it is interesting to note some remarks made by 
Mr. S^nbume in his Inaugural Address as President 
Im December 1902 on the subject of Some limits in 
Heavy Electrical Engineering." * Touching on problems 
generally,,he says 

** It may be well, therefore, to try and look over some 
of the branches of our great and diverse industry, and 
see what obstacles she now opposing us, and what are 
likely to oppose us shortly, and whether the obstacles 
are insuperable or not. This sort of prophecy is much 
more difficult than the other, for there can be no credit 
^twenty years hence in having said something that could 
not be done, even if it has not, while if it has been 
accomplished the position is still more difficult. Negative 
prophecy is thus unattractive. But the discussion of 
our limits not only may have a beneficial effect in making 
us more modest, but may be a much greater benefit if 
by focusing our attention on a limit of any development 
we find either that the obstacle is theoretically insur¬ 
mountable, in which case vfe must go round it, or that 
it has to be scaled in a particular way." 

' Speaking of efficiency and output of dynamos, he 
says 

" are ndt likely to make much advance in dynamos 
now, as we are limited on one hand by the hysteresis 
loss in iron, which prevents our using higher inductions 
in armatules, and low permeability which limits our 
field jtnd armature tooth inductions. It does not seem 
likely we will now find iron much better in either r^ispect. 
Ndr are we likely to find a better available conductor 
Uian pure copper. As insulator we have mma. It 
looks, therefore, as if we were within sight of our limits 
in d 3 niamo and motor designs." 

Mr. Swinburne went on to describe a type of dynamo 
Ip which the field was made to rotate faster tliao. the 
poles, whereby the E.M.F., and therefore the output of 
a generator of given size and speed, could be increased. 
He suggested the application to traction motors of 
the inverse of this principle, whereby the same output 
could be obtained from a given size of motor at a lower 
speed. The principle is virtually contained in the 
Hunt and Greedy cascade induction motors now in 
common use, but as far as generators are concerned it 
never seems to have received much attention. Possibly 
it may be more developed in the future, but the need 
for such ^ complication has largely disappeared ^ce 
the introduction of the turbo-alternator. 

In the light of Mr. Swinburne’s remarks, let us now 
rapidly, review the developments which have taken 
place, in the last 20 years and again glance at the limits 
♦ 1903, vol 32, p. 9. 


or obstacles to further development with which we 
are faced. 

In the development oi anything new, whatever it 
may be, we always find that its design is founded on, 
and resembles some implement, machine, or even animal 
which performed the same function before. The 
dynamo was evolved from the physics department and 
retained the stamp of the physics laboratory for some 
time before the engineer took the m^atter in haud and 
turned out the dynamo as we know it to-day. 

Twenty years ago this change had already ^gictically 
taken place, for, although Graffiime-ring and smooth- 
core armatures were still being made, they were chiefly 
for spares or for such purposes as organ-blowing where 
the hum caused by the toothed armature was objection¬ 
able. The bipolar type of field magnet was still lingering 
in sizes in which it ought to have disappeared, in’Spite 
of the arguments advanced in favour of four-pole designs. 
The reasons adduced for the extra long life of the bipolar 
machine in this country was that we employed higher 
speeds th qu they did on the Continent. But it was soon 
realized how wasteful in material the bipolar type 
was, compared with the four-pole machine, and nowadays 
we find the bipolar magnet only in small macinnes or 
in larger machines only where abnormal circumstances 
combine to make it more expecfient, as in certain turbo- 
alternators and railway motors. 

The interpole machine had not yet made its appearance 
20 years ago, altliough the idea was bjr no means a new 
one. At that time, the load at which a macliine sparked 
was, as often as the temperature-rise, the limit to its 
output, and the introduction of interpoles had the 
effect of raising the sparking limit and making us pay 
much more attention to the question of keeping the 
machine cool. 

Alternators of the Ferranti and Mordey types were 
still in use, though rapidly becoming obsolete, a&d the 
medium-speed alternator which was taldng their place 
was little different from the present-day tyjpe. The 
large low-speed type was becoming even larger, but in 
a few years its days were numbered as far as steam 
engines were concerned and the turbo-altematgr very 
quickly took its place. The behaviour of the rotary 
converter on 60-cycle circuits created doubts in the 
minds#)f some as to the wisdom of employing«6uch high 
frequencies, but it can now be trusted to run automati¬ 
cally in many places. Developments have chiefly 
been in connection with* the regulation of the voltage 
and automatic starting. Induction motoi% 4 v®re largely 
•f the open-slot type, following American practice. The 
open slots permitted coil§ t^ be wound on fornlers, and 
barrel, windings to be placed in the^lots in the same^way 
as in d.c. armatures. The closed or semi-closed «lot 
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necessitated hand winding, which increased the cost 
of l^our considerably, lyt since more iron was exposed 
to tte air-gap the machir^jcotdd be made smaller and 
matenal was saveif. In America, labour was dear and 
i^ten^ ^eap so that the open-slot type flourished. 

e winding difficulties in the smaller sizes were soon 
got over, however, by the use of a slot-opening just suffi- 
aent to let the conductors of a coil in singly, and in the 
larger sizes, in which bar windings are used, by quick 
methods of soldering the connections of the bars which 
were pushed through the slots and then joined together. 
A great many inventions were brought out to get 
over the difficulty of starting the squirrel-cage type 
but hardly any of these have survived, and with the 
simple induction motor we are not much further on in 
that respect. 

No radical change has taken place in the design of 
transformears. Spme special types have dropped out 
Md, excluding the progress in methods of cooling and 
^ulati^g for high pressures, there is little to record 
The grad«al increase in the iron losses due to ageing 
was a trouble which hhs since been got over bv the 
manufacturers. 

Hopes of long-distance traction by single-phase 
^^utator motors existed in those days just as to-day. 

ut developments have not been in proportion to the 
hopes-, though the single-phase motor has been much 
improved as far as sparking hmits and outputs are 
concerned. 

It would appear, therefore, that there has beenn o 
radi^ departure in the general design of electrical 
B^nery during the. last 20 years, and on comparing ' 
the ^pemance of an old machine with a present-day 
one the <^ef thing noticeable is the tendency to enclose 
the working parts in a dust-proof—or is it a fool-proof— 
c^e. This is a sure sign that no minor troubles, and 
alOT no radical changes in design, are expected. 

Before reviewing the limitations which confront us 
at the present time, let us refresh our memories by 
exa^ing in what way the output of an electric^ 
machme is limited. We shall take as an exam p iA a 
medium-speed alternator of low voltage. The output 
is proportional to the terminal E.M.F. multiplied bv 
&e current deUvered. The E.M.F. is of course fixed 
by the voltage of the supply to which the alternator 
^ connected, but we shall leave out aU limitations 
external to the machine and consider only those set 
^ the material of the machine itself. We can increase 
the output by increasing either the E.M.F. or the cur- 
Se^Ek'F*^ consider the effect of increasing 

We qan increase the E.M.F. by raising the speed of 
the machme. This increases the frequency of the 
^temations in the teeth and armature core, and there¬ 
fore raises'.the temperature of the armature, it 
mc^^es the centrifugal stresses in the rotor. After 
a c^am speed has been reached, either the temperature 

J^otor will set a 

liimt to ^ further increase of speed. We could 
get-over the difficulty by designing the machine witlr 
WOT polOT so M to reduce «ie;frequency of the alterna- 
tio^ and with a smaller diameter so as to reduce the 
centnfngal stresses, but on furthefincreasing the speed 


we should eventually be faced with the same problem 
Md ^^y arrive at the two-pole turbo-altemator 
in which w« cannot make the poles any less or the 
speed any higher. Our only way out of the difficulty 
now IS to use a strongef material for tlie rotor, and iron 
in which the hysteresis and eddy-current losses in the 
teeth and armature core are less. But we can also 
mcrease the E.M.F. by strengthening,the field. By 
doing so we increase fhe flux density in the armature. 

a certain stage the magnetic circuit becomes 
saturated Md an abnormal amount of energy Jias to 
further increase in th€ field and 
h.M.b. We can increase the axial length of the machine 
to get over three difficjjil^es, but we cannot for mechanical 
reasons do this indefinitely, and we are soon up against 
ae same trouble as before. Our only hope now is to 
md an iron -with lower h3rsterreis and eddy-current 
lorere and with a higher potht of saturation. 

This exhausts our methods of increasing tiie E.M.F. 
so let us now see how we can get more ouj: of the machine 
by increasing the current. This will increase the copper 
lossre m the winding and introduce further armature 
reaction. The former -will raise the temperature of the 
^atoe and ^e latter will eventually bring down the 
Ji.M.i'., so -tha. the output is no furthOT increased. We 
^ neutralize the armature reaction by windings on 
^e poles, and we can increase the section of the copper 
by widening the slot. But this would entail an armature 
of larger ^ameter, which is already limited by the speed. 
We can deepen the slots, but by deepening them we 
increase the eddy currents, the reactance voltage, and 
the tooth losses, so that the .other hmits will soon drive 
us back to the hmit of conductivity of copper 
If we add a commutator we introduce, due to sparldng. 
new limits to the current, and, owing'to the flashing-over 
which occurs when a certain voltage belfvfeen seMerits 
has been reached, to the EJ\I.F. The sparking, limit 
can be rais^ by the use of interpolre, and the flashing- 
over point by the use of more segnfents. but there is 
a limit to the practical width of a segment, sorthat 
the use of a commutator sets an absolute limit on the 
voltage -which a d.c. machine can give. I have said 
notong about the voltage being limited by the strength' 
of 'the insulation, for ■the o-ther limits occur in a low- 
voltage machine long before the insulation question 
becomes of serious importance. 

position of affairs to-day is -that we are- face to 
mce -with the limitations due to iron losses and* satura¬ 
tion, and the resistivity of copper. Some progress 
has been made in reducing hysteresis and eddy-current 
lossre by alloying iron -with silicon; but we have dis- 
TOvered no better magnetic substance than iron nor 
better conductor tl^ copper. We may eiqiect, tiiere- 
fore, -that -three limits will receive much more attention 
during the next 20 years than they have durin^the 
past. The Sayers dynamo recently described in the 
^ectricaJ Press is mreely a further attempt to get round 
these,obstacles by cutting out the armatm-e-core' losses 
and short-circuiting the idle parts of the armature 
doing away -with end connections. 

This is not the first attempt in this direction.' Disc- 
^e machines have been made on this principle for 
direct and altOTnatqjg currents, but there are many 
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objections to the disc construction, one of the most 
important being its weakness laterally, so that short- 
drcuits are very apt to destroy the winding. It will 
be interesting to ^ee to what extent centrif&gal stresses 
'wilj limit the speed and output of this machine. 

If the dynamo of the future Is going to avoid core 
losses, we shall h^ve to face the problem of saturation 
and conductivity. We must bear in mind that these 
two factors contribute largely to tiie foundation of the 
heavy electrical industry. Were* it not for the fact 
that iron is sc^ much more permeable than other magnetic 
substance^, and copper such a good conductor, electri<^l 
engineering would probably be by this time past its 
zenith: Certainly it looks as if further expansion of 
Hraflcnway systems is going to hfe '^ry much curtailed. 
The trouble is that the weight efficiency of the internal 
combustion engine has improved a great deal and that 
of the el&tric motor very Jiittle. 

Is the case quite as hopeless a® Mr. Swinburne thought 

years ago ? The applied physics department is a 
hew creation sfhce those^days and is busy on those 
problems at the present time. The exact conditions 
which render a body magnetic are not yet fully under¬ 
stood. We find that the alloys of some non-magnetic 
substances form magnetic ones and that alloys of some 
magnetic ones form non-magnetic ones ; also that slight 
impurities affect the magnetic condition very greatly. 

It is too soon to say that anything is going to come of 
this, but further research along these lines will tell us 
before very long whether saturation is an obstacle 
which we must get round or can surmount. 

^VTien it comes to conductivity the alloys give us no 
help'; for by alloying twd metals we always increase 
..the resistance. Experiments with metals at extremely 
temperathres show that it is possible to make a 
conductor ha^y« practically zero resistance. It is hardly 
likely that this will find any practical application at 
present, though it does not seem beyond the bounds of 
possibility that it may some day be made use of in 
turbo-generators if the heat-insulation problem is not 
too difficult and .the energy were transmitted to the 
external circuit by mutual induction to prevent heat 
• being drawn from the mains. 

The important point about these experiments is that 
they will’probably lead us to the solution of the problem 
of what really is the cause of resistance. Then we | 
'shall know whether it is necessary to go to these low 
temperatures to get better conductivity. If so, and 
we can find nothing better than our present iron, the 
prophecy of Mr. Swinburne will probably be good for 
another 20 years, if not more. 

I shall conclude by suggesting a problem towaa’ds 
which it might be advantageous for station engineers 
or manufacturers of generating plant to turn their 

attention. . 

Every efiort is being made at present to obtain more 
effective means of cooling in turbo-alternators and this 
is a most praiteworthy object to have in view. But 
little he^ is paid to the considerable difierence which 
is made by introducing the cooling medium at a low 
temperature. For example, let the temperature of tlm 
cooling air of a fully-loaded turbo-aiternator be at 
the Inlet and 4 at the outlet, and let the temperature 


of the windings of the’ alternator be Then #3 is 
greater thar» and <2 than «i. The rise of temperature 
of the alternator windings is i^ifjL,'and this is practically 
the same on a cold winter '‘day whep is low, as on 
a hot summer day when ii is high. The consequence is 
that the alternator may have a considerable overload 
capacity on a very cold day, and little or no overload 
capacity on a very hot summer day. 

Let the output of the turbine be 100 and the losses 
in the alternator be 5 , so that the output of the alternator 
is 96 and its efficiency 96 per cent. Let = 60® F., 
and <3 = 160® F..at full load, so that the temperature- 
rise tz-h = degrees F. 

Now suppose that ther 6 are 12 degrees of firost so 
that ti becomes 20® F. The rise of temperature being 
the same as before, <3 becomes 110° F. and we are left 
with a margin of 40 degrees F. 4 bo work on. On the 
assumption that the temper^Jture of the winding rises 
in proportion to the losses, we could increase the armature 
current in the ratio of V(130/90) of 20 per cen^, and 
bring <3 back to 160® F. The capacity of ^ turbo- 
alternator is therefore 20 per qent greater l^an when 
the air temperature is 60® F. 

Suppose now we artifi^jially produce the cold by 
refrigerating the cooling air from 60® F. down to 20® F., 
and for simplicity let us suppose that is 60® F., io* 
that the cooling air enters the alternator at 20° F. and 
comes out at 60® F., In passing tlirough the alternator 
the air receives an amount of heat practically equal to 
the losses = 6. This, then, is the amount of heat^we 
have to extract from the air to bring it down to 20° F. 
again. (If h is less than the atmospheric temperature 
we should gain a little by using the same air over again.) 
To get cold air at' 20® F. we might have to refrigerate 
down to —10® F. Now the coefficient of performance 
of a refrigerator working between *11x6 limits of 60® F. 
and -10® F. is theoretically 6*4.^ Refrigerators can 
get within 70 per cent, of the theoretical figures, but 
allowing for motor losses, etc., suppose that we take the 
figure as 4. This means that for every 6 units of heat, 
extracted from the air only f or 1J, units of work need 
be done. This work must be added to the losses, 
which will now be 6|: at full load. We can, however, 
increase the load by 20 per cent or from 95 to 114, and 
if we assume the copper loss at full load to be 1'5 
the extra copper loss at 20 per cent overload will be 
{(1*2)2 X 1*6— 1 * 6 }- = 0*65. The total losses are 
now 6 * 26 -(- 0 • 65, that is, say, 7, and the efficiency is 

__= 94*2 per cent. 

114 +7 

Hence with a smadl loss in efficiency the capacity qf the 
station is increased by 20 per cent if the steam tutbines 
and the boilers are able to supply the power. The cost 
of the refrigerator and the loss of ’efficiency would 
havefo be set off against the cost of extr^ •generating 
plant, but circumstances might arise where it would be 
useful to consider this point, an4 a liaison between the 
station engineer and the refrigerating ^gineer might 
elicit a number of things which neither •had thought 
of before. 

I suggest that this is annatter which might be explored 
to s4e whether any.advaiffcage could be gained. 
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THE PROGRESS AND POTENTIALITIES OF THE TELEPHONE IN THE 

UNITED KINGDOM. ^ ^ 


(Abstract of Address delivered at 
Histortcal. 

In the short.time at my disposal it is quite impossible 
to give an adequate conception, of the most interesting 
sto^ which lies behind the‘development of telephony 

«+ romance and it is perhaps 

as omshmg that, so far, it has escaped more than very 
casual attention in li^ertiture. 

On WednMday, 2nd August, -1922, there passed 
We an inventor who, unlike many other 
such •Workers, liv4d long enough to witness the world- 
vnde application of the fruits of his labour in the interests 
of humanity. I refer fo Alexander Graham Bell, the 
inventor of the telephone. 

Graham Bell ready invented the telephone at Boston, 
Mass., on 2nd June, 1876, being assisted by Thomas A. 

atson, an assistant in tlie electrical workshop of 
Charies WilUam, whither many would-be inventors 
rraorted for assistance in giving practical form to their 
1 eas, and in the years which since have elapsed to the 
day of his deatli, at the ripe age of 76, he foUowed 
• j <^elopment of his invention into an enormous 
industry and one which now furnishes a means of 
TOmmunication employed in every civilized country in 
the world. ^ 

' telephone is now so commonplace that one loses 
au wonder at its performance and is apt to forget what 
a re^y wonderful .device it is; in fact, nowadays if 
It fads to give such constant service as is rendered, for 
example, by the domestic water tap, it is frequently 

is extremely 

doubtf^ whether the announcement' of any invention 
either tefore or since has been received with such in- 
creduhty or has excited such intense interest as that 
of the telephone. Mr. J. E. Kingsbury, in an address 
d^v«ed at one of the meetings commemorating the 
fiftieth anmv^ary of the Institution,* refers to his 
^vid jjecollection of the feeling of awe which came over 
mm on the occasion of his first experience of telephonic 

telephone engineers 
™ displeased if the telephone engendered 

some qi toat same feehng of awe egnongst telephone 
usem to<iay and engendered a Httle more reverence 
is sometimes accorded it 

Tele^aphy was the first real practical appHcation 
of dectncal saence to the needs of mankind, and it was 
to forw^d the mterests of electrical and tele^phic 
science toat our Institution was inaugurated in 1871 
M the Sodety of Telegraph Engineers. In 1878 the 
telephone w^ introduced into this country in com¬ 
mercial form -; other branches af the electrical profession 
began to/ievelop at about t^ same time and, along with* 
telephony, grew into ;usty firafiches before many years 
Journal 192S, voL-.60, p. 428. 


Newcastle, 2Srd Octob^, 1922 .) 


had p^ed. Although, in view of the puling of the 
l^urt m the case of the Attorney-General jfkritts the 
^son Telephone Company, on 20th December, 1880, 
i XT. was a telegraph -within the meaning 

of the Telegraph Acts of 1863 and 1869, the designation^ 
Society of Telegraph Engineers " might have suffi'ced 
to emtnrace the telephone also, yet the development 
of aster branches of electrical science was 8b vigorous 

ttot toe old title became inadequate to indicate the 
• scope.of the Society, and, consequently, 

m 1881 It was altered to "-The Society of Telegraph 
Engme^ and Electricians.'’ only to be changed again 
when toe present title "The Institution of Electrical 
Jingmeers was adopted in 1883. 

For some time the telegraph and the tele&hone 
reamed m the background, and it was not often that 
toe, dehberations of toe Institution were directed 
towards toe subject of telephony. So scanty indeed 
at one frme were the Uterary contributions on telephony 
to the tostitution and also to toe fechnical‘’Press, that 
i-t rmght not unreasonably have bem concluded that 
toe subject did not present a sufficiently wide field 
for exploration by the potential author. It was not, 
however, for this reason that telephone subjects were 
not more frequently treated. 

telephone patentsr>vere iir'force 
toe Umted Telephone Company was compeUed very 
je ous y to guard its righ-ts and, while actively engaged 
m its numerous legal disputes, adopted a highly con- 
seryative attitude. Publication of its pohcy and 
methods of working were absolutely banned; af one 
frrne its officers were not permitted to read papers 
^foto toe Institution and they were forbidden even- 
Its meeting. Consequently, commensurate 
wto toe importance of telephony, there was a dearth of 
htera.ture on toe subject during the period in question, 

^ before the atmosphere created' 

by toe strmgent secrecy and exclusiveness of toe United 
lelepnone Co. was dissipated. 

The :^st Office also has always been essentially 
conservative so fax as publicity is concerned, and has 
never encouraged advertisement either of its policy or 
of Its engineering and scientific achievements, although • 
It has always been ready to furnish information and 
tender advice to interested parties. In comparatively 
late y^s only has telephony begun to take its rigfeid 
place m the proceedings of Institutions which exist 
for toe advtocement of engineering science. 

Thd condition of toe telephone system and* toe effi- 
aency of toe telephone service in this country have 
ogetoer been a source of keen discussion, apd the 
^ubject of no little criticism ever since toe t^phone 
became established as a practical proposTtion.’' In 
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1878, people were amazed and almost incredulous at 
tlie idea of canying on, by electrical means, conversa¬ 
tion between points far distant one from another, and 
yet, in spite of the fact that telephone development in 
the United Kingdom has never been considere'd to be 
comparable with that which hfe occurred elsewhere, 
and particularlyrtin America, progress was so rapid 
that in the space of a few years the old adage " fami¬ 
liarity breeds contempt ” was once more exemplified, 
loudly voiced complaints being made that the telephone 
service was v'VDefully inefidcient, that speech was inter¬ 
fered mt^by extraneous noises, that sometimes con¬ 
versation was interrupted, and that delays were experi¬ 
enced rin establishing connections. Since that time 
*'^ast developments and great improvements have 
taken place and yet similar and no less vehement 
outbursts of complaint are still not uncommon. 

The master telephone-'J^aifcents did not expire until 
1890 and 1891, and the United Telephone Co. which 
o^ed them during tlie ^eater part of the time they 
were in force farmed theia out to other companies to 
exploit the provinces, and itself undertook the tele¬ 
phoning of London. To this Company fell the lot 
of guarding the patent rights which it held for the 
whole of the country, and so numerous were the infringe¬ 
ments that it was found necessary to devote no little 
energy to this end, a fact which to some extent perhaps 
detracted from the main purpose for wliich the Company 
existed, namely, the provision of telephone inter¬ 
communication. 

During, and for a little time after, the period in which 
the* several subsidiary companies which had been 
formed were consolidated as* the National Telephone Co., 
there was much organized agitation advocating treat¬ 
ment of the telephone question in different ways. The 
Goverftment wtis greatly perplexed by the situation and 
the Company was kept in a state of suspense and doubt 
as to the outcome. 

All this-was not good for the telephone service, and 
the competition recommended by the Select Committee 
of 1898 eventually established by venture, into tl^ tele¬ 
phone field of certain municipalities, after prolonged 
agitation by them to be licensed to institute local 
telephone service, did not mend matters. On 6th April, 
1896, the'Post Office acquired the telephone trunk-line 
system of thp National Telephone Co. in order that 
the revenue which it was alleged the long-distance 
telephone service withdrew from the telegraphs might 
revert to the Government and in order that facilities 
for inter-town communication might be available to 
prospective competitors of the National Telephone Co. 
The Post, Office also entered seriously into the telephone 
'business at about this time and in 1902 inaugurated its 
London telephone system. Recognizing the futility 
and serious disadvantages in the public interest of 
competition between rival telephone administrations, 
and in spite of the recommendations of the Select Com¬ 
mittee-of 18^8, they wisely arranged in opening their 
telephpne service to co-operate rather than compete, 
in the strict, business sense of the term, with the National 
Telephone. Co. for the remainder of that Company's 
license, and the^ metropolitan area wa^ therefore saved 
from the throes of competition and the somewhat 


undignified proceedings which occurred in some pro¬ 
vincial towrfe. 

During the ten years 1902i»1^12, a most important* 
and eventful period in the^ history '»of the telephone 
in this country both commercially and technically, 
Mr. Frank Gill, our President, occupied the position 
of Engineer-in-Chief to the National Telephone Co. 

The election in thfe country of Mr. Gill as President 
of this Institution has been paralleled in America, 
where a similar honour has this year been paid to 
telephony by the election to the Presidential chair of 
the American Institute of Electrical Engineers of Dr. 
Frank B. Jewett, formerly Chief Engineer and now 
Vice-President of the Western Electric Co., the manu- 
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1.——Comparison of telephone development in the 
United Kingdom and the U.S.A. 


facturing and engineering section of that vast adminis¬ 
tration the American Telephone and Telegraph Co. 

The Telephone Agreement dated 2nd February? 1906, 
entered into between the Postmaster-General hn^* the 
National Telephone Co., which provided for purchase 
by the State of the Company's system, was the first 
tangible indication of the ultimate unifical^pn of the 
telephone system of the United Kingdom, but the 
agreement did not take practical effect until 1st January, 
1912. 

The total staff of the National Teleph«q^ Co. trans¬ 
ferred to the Post Office at this time numbered 
approximately 18 000. Of^ this number about 7 000 
were engaged almost exclusively upon engineering 
work‘and, when added to the existing forces of the 
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Post Office Engineering Department whicTi numbered 
roughly 9 000, brought the total up to 16 OOO. 

Within two years the^sjaif had increased considerably 
and a good deal oiwork had been accomplished towards 
the unification of the system. Comprehensive schemes 
for the replacement of obsolete plant and the installation 
of new plant on a generous basis to meet anticipated 
development Were in full swing When, unfortunately, 
the Great War intervened and put a stop for more than 
five years to aU but imperatively necessary work. 

During this {)eriod some Is 000, corresponding to 
more than 60 •per cent, of the engineering stafE of the 
Post Office, upon whom devolved the maintenance 



of the telephone service, were liberated for war purposes 
exclusively, and the remainder, in* addition to carrying 
on thd'home telephone service under gnost trying condi¬ 
tioner undertook services for the armed forces and 
associated with the Home Defences, services which have 
never been and never can be adequately realized by the 
uninitiated^ 

Since the armistice was declared, the telephone service 
ta s been carried on under difficulties no less than those 
which had to be contended with during the war. High, 
uncertain, fluctuating prices, depletion of highly 
skiP.ed staff, and shortage of “Sie widely varying dasseg 
of materials and plant en^ployed in telephony, have 
seriously delayed pyogress with the schemes .which 
weye in contemplation at the outbreak of war. Conse¬ 


quently, in many ca^es service has had to be and is still 
being carried on with plant that is obsolete and even 
past its physical life. 

Commercial Development. 

Development of the telephone in the United States 
since about 1900 has been phenomenal, until at the 
present moment there is one telephone station to 
approximately every **8 of the population, which totals 
approximately 106 millions. The development in 
the United Kingdom, with a population of 4% mllions, 
has never attained to more than one telephfine station 
per 49 of the population. The telephone development 
in the United States in this country is coihi)^e(^ 
graphically in Figs. 1 and 2. 

It may be tha:t the comparatively slow growth of 
the telephone*»in the United Kingdom is but? a natural 
lag due to inherent British conservatism, and that 
in the near future ^the growth of^ the system on tMs 
side of the Atlantic'may coijjpare favo>irably with that 
which has taken place in America. Telephone develop¬ 
ment in this country will, however, depend primari^ 
upon a return of commercial prosperity, and also upon 
a better appreciation on the part of the British pubhc" 
of the facilities afforded by a liberal provision of tele¬ 
phones in business houses and private residences. 

I should like to take tins opportunity of directing 
attention to the benefits to be derived by any com¬ 
munity from extended use of th© telephone. It will 
be obvious that the facilities afforded by telephone 



Fig. 3.—^Telephone development in the United Kingdom; 

intercommunication service are increased with every 
subscriber added. I need not enlarge upon the advan¬ 
tages of telephone communication, but I venture to 
express the opinion that a large increase in the number 
of telephone subscribers would be highly beneficial to- 
the commercial and industrial as well as the social life 
of the Kingdom. I have reason to believe that one of 
the causes why the telephone service does not develop 
satisfactorily is that many people refrain from becoming 
subscribers because the majori^ of tilos^ with*^ whom 
they would desire communication are themselves non¬ 
subscribers. 

So long as this conservative and somewhat illogical 
attitude contindfes it seems obvious th^t the telephone 
system cannot develop as it should, and the extended 
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facilities which would follow from a more universal 
us^ of the telephone cannot therefore be secured. 

The growth in telephone stations in ;fche United 
.^Kingdom is illustrated in graphical form in Fig. 3. I 
have included iiiis curve, winch i§ similar to that shown 
in Fig. 1 except that it is drawn to a larger scale, in 
order to illustraffe more particularly the effect of the 
war on telephone development in the United Kingdom. 
The unprecedented depression iji the curve during 
the war period will be observed, as also the surprising 
fact-that the loss sustained during the 4 years of war 
has almost but not quite been regained after a further 
4 years, in spite of the dif&culties which have been 
experienced. 

Telephone Switching. 

The mei;^ transmission telephonically of,a communica¬ 
tion between two fixed poin'te is a matter which presents 
no great difficulty, and nowadays can be accomphshed 
with little risk,of interruption^ bilt the introduction 
of the essential facilities for signalling and switching 
increases considerably the possibility of the occurrence 
of faults. 

In the United^ Kingdom there are at the present 
moment upwards of a million telephone stations any 
one of wliich, with some comparatively few exceptions, 
may require connection with any other. Wlien one 
considers for a moment the various operations and 
the numerous pieces of electro-mechanism possibly 
involved in the establishment of such a connection, 
and the combinations which are possible, the immensity 
of the system and its complexities may be more readily 
appreciated. 

As is wdl known, attempts have been made in 
various ways to dissociate, as far as possible, signalling 
devices from speaking circuit and, so far as is com¬ 
mensurate with efficient and economical practice, this 
has been effected. 

The earliest s^tching appliances, from which the 
present-day manual switchboards have been evolved, 
were of crude character. As early as 187^ there 
were two distinct types in use in this country; the 
one employed by the company formed to exploit the 
Bell patents depended upon flexible cords for establish¬ 
ing coimection between one subscriber and another; 
the other, adopted by the Edison Telephone Co. which 
Tyorked;the Edison patents in competition witt the 
previously mentioned and original Company, being an 
adaptation of the Umschalter switch much used at one 
time for telegraph switching. Thus the vexed question 
of the cordless versus the cord switchboard arose at 
an early date in the history of telephony, but the latter 
eventually proved its superiority, in spite of the trouble 
arising from the eaxly $ 5^)0 of flexible cord, and the 
cordless t 3 q)e of board was abandoned. 

The rapid development of the telephone soon created, 
at the larger exchanges, serious difficulties in switcffing, 
which'were eventually surmounted by the invention of 
the multiple. 

It is not-generally known that, although the mxdtiple 
was inveitted and eventually perfect^ji in America, it 
was 4 evisfd independently in this country, much about 
the same time, by Mr. F. B. O. ^jfawes of the United 


Telephone Co., and two switchboards constructed under 
his direction were eventually brpught into operation 
in London. 

Unfortunately, Mr. Hawes did n 2 )t benefit by his 
invention, being forestalled by the patenting of the 
American product in this country; consequently, 
multiple boards being essential here, they were for the 
most part supplied ^y the Western El(?ctric Co. who 
acquired the patent rights. The first Western Electric 
multiple switchboard to^ be installed in this country 
was brought into service at Liverpool in 1884. 

Early signalling was by means of ^batteries and 
ordinary trembler bells, which soon gave place, however, 
to magneto ringing, and the magneto system, apart 
from the call-wire system which was soon abandoned, 
held sway generally’for a lengjlty period, and, owing 
largely to the effect of the w|u. Is stiU in considerable 
use although now regarded as obsolescent. 

From the very inception of teleptione switching in 
1878, engineers have consistently striven to reduce 
manual labour in operating by the introduction of 
automatic appli^ces, with the object of minimizing 
the mental and physical e^ort of the operator, and of 
increasing^ the speed of operation and the number of 
calls which can be handled in a given period.. 

One might trace at some length the measures which 
have been introduced from time to time in the adoption 
of automatic devices as aids to manual operating, but 
it will perhaps suffice to mention only the step in this 
direction which was taken in the substitution of the 
common battery or relay system, as it was first termed, 
for tlie magneto system which it largely displaced. 
It is true that the prime purpose for which the common 
battery system was devised was to enabie the primary 
batteries, previously necessary at the subscriber*^ 
station, to be dispensed with ahd current to be supplied 
to the transmitters from a centrally situated battery, 
but it is also true that by means of the relays and lamp 
signals, which form one of the salient features of the 
common battery system, the operating facilities were 
^eatly improved, principally inasmuch as the operator 
was saved the labour of replacing by hand the shutters 
of electro-mechanical indicators. 

The common battery system remains to-day very 
much what it was when first introduced iu 1900, n 6 
drastic alterations either of the circuits or the mode 
of operation having been made. It realized e^ecta- 
tions and a high standard of service was quickly reached, 
but it soon became* apparent that there was little likeli¬ 
hood of any further material advance being made in 
telephone s^tching by this method, and consequently 
attention was turned to the possibilities of switching 
by machinery and the elimination, partially or entirely, 
of the manual element. 

ThQ introduction of full automatic switching whereby 
human intervention at the exchange is rendered un¬ 
necessary was not actually a natural developnient of 
the application of automatic appliances to the manual 
system. There were reasons why this ccfujd not be so. 
So-called automatic telephony was an invention wjuch 
involved the employment <4 apparatus entirely distinct 
, and different in principle apd design from that employed 
in manual working, and was developed quite wade- 
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pendently of the manual system which continued 
to he improved conpurrently/ ^ 

The removal oi certliup ^disabilities from which the 
automatic system buffered at first were essential before 
its adoption as a switching* medium in this country 
was desirable, and it was not introduced here imtil 
its ability to fulfil the necessary functions satisfactorily 
had been denfbnstrated. 

The periojJ in which the automatic system was being 
developed in America was i;ot a propitious one for 
its trial here. Because^ of its early expiring “license 
the National Telephone Co. was disinclined to incur 
capital expenditure from which the financial return 
was doubtful, and it was therefore left to the British 
Post OfiS.ce to conduct the first experiments in automatic 


(3) 'Whether the British public would receive favour¬ 
ably the automatic system. 

(4) The Relative costs of machine and manual 
switching, 

(6) The relative merits of the different systems on 
the market. 

The first exchange to be opened waS of the Strowger 
t37pe, but since this system assumed practical form, a 
number of other s 3 rst<ems have been developed, and the 
experiments conducted by the Post Office have included 
trials in actual service of five different sj^ste^is^pin all, 
to which it is expected another will shortly ^e added. 

A complete list of the automatic exchanges already 
opened and imme<Jiately in contemplation by the 
British Post Office is appended. 


Automatic Telephone Exchanges Established by the British Post Office: *1912-192S. 



Exchange 



Capacity 


Type of equipment 

Date opene(A 

Of present 
equipment 
(1922) 

Ultimate 

1 

2 

3 

4 ‘ 
6 

6 

7 

5 

9 

10 

11 

12 

13 

14 

16 

16 

17 

Epsom 

Official 

Hereford 

Darlington .. 
Accrington •. 
Portsmouth .. 
Chepstow 

Newport 

Paisley ., 

Dudley ., 

Blackburn ., . ., 

Leeds .. ... . 

Grimsby ... 
Stockport 

Ramsey (Hunts) 

Hurley .. 

Fleetwood •.. 

Automatic Telephone Manufacturing Co. 
ditto 

Lorimer 

Western Electric Co. rotary 

Automatic Telephone Manufacturing Co. 
ditto 
ditto 
ditto 

1 ditto 

Western Electric Co, rotary 

Automatic Telephone Manufacturing Co,' 

‘ ditto 

Siemens 

ditto 

Siemens (Village) 
ditto 

Relay Automatic Telephone Co. 

18 May, 1912 

13 July. 1912 

1 Aug., 1914 

10 Oct., 1914 

13 Mar., 1915 

29 April. 1916 

7 July. 1915 

14 Aug., 1916 

16 July, 1916 

9 Sept., 1916 

14 Oct., 1916 

18 May, 1918 

14 Sept., 1918 

23 Aug., 1919 

24 Oct., 1921 

20 Dec., 1921 

16 July, 1922 

600 

900 

600 

800 

700 

6 000 

76 

1800 

1600 

600 

2 200 

9 60<0^ 
1860 
1300 

40 

26 

480 

1600 

1600 

900 

2 260 
1600 

7 000 

100 

3 60Q 
2160 

1 600 
4:4:00' 

16 000 

4 000 

2 260 

60 

700 


Automatic Telephone Exchanges on Order by the British Post Office : October 1922, 


1 

2 

3 

4 


Exchange 


Type of eqnipnaent 


Dundee 

Southampton .. 
Swansea 
Marton (Yorks) 


Initial 


North Electric 

Siemens 

Siemens 

Automatic Telephone Manufacturing Co. 


3 600 
3 600 
3 200 
#0 


Capacity 


Ultimate 


6 000 
6 600 
6 800 
230 


switching in this country. These experiments were 
commenced in 1912 and were ^undertaken in order to 
ascertain: 

<1A ^ether automatic apparatus would fulfil satis-i 
fartordycthe necessary switching functions. 

(2)^To what extent,cif any, the British cHmate would 
affeGt prejudicially riie operation of machine switches. 


The first three of the five questions previously 
enumerated have now been answerecP favourably to 
the automatic system, and it now remains to dispose 
of questions (4) and (6), 

Time wiU not^ permit of discussion of the relative 
advantages of the automatic and manual systems of 
switching, nor of consideration of the several factors 
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which axe involved in detennining the economics of 
the» question. It is impossible to enunciate any rule 
for guidance in the choice of a system, eithej; as b^ween 
automatic and nlanual or as between the dmeren 
aufomatic systems, and it is necessary that each ^se 
should receive consideration according to its distinctive 
merits 

Hitherto the policy adopted by the British Post 
Office has been confined to the application of antomatic 
working to individual exchanges situated in .varioiM 
parts «f the country, and in no case has a self-contained 
area including a number of exchanges been dealt with 
as a whole.. Plans are. however, now m hand for 
■the establishment of automatic, working in a number 
ot multi-exchange areas wherein the whole of the lo<^ 
traffic between exchanges situated ■^erein will e 
dealt witli exclusively by machine switching. 

The problem of providihg switching facilities by 
automatic means in an area containing several exchanges 
possesses many points of difference from-the old problem 
in which manual switching only was concerned, and if, 
as seems highly probable, machine switching is intro¬ 
duced on an extensive scale the local telephone exchange 
systems of large fommerdal and industrial centres will 
differ in many essentials, other than the purely auto¬ 
matic one, from those to which we have become accus¬ 
tomed. Our previous conceptions and notions 
ceming the lay-out of large telephone systems will in 
that case need considerable adjustment. 

With full automatic working in a local area, com¬ 
munication between subscribers connected to different 
exdianges may be effected, as rapidly as between one 
tet of switches and another situated in the s^e ex¬ 
change, and the disadvantages which attach to junction 
working in a manually operated group of exeb^ges 
are therefore removed. Moreover, by reason of the 
rapidity of operation of automatic switches, a group 
of junction dreuits may be worked at maximum 

effidency. . , . . 

These factors operate in the direction of mcreasmg 
the number of exchanges and reducing the number of 
junctions which would apply wiih a manual system. 
As in a given area the number of exchanges may be 
increased, so the areas served by each exchange will be 
reduced in extent and the average length and, conse¬ 
quently, the* cost of subscribers’ lines are thereby 
reduced; Thus there are possibilities of effacting 
large savings in cost of line plant, a very heavy item 
in the capital investment of any telephone system, 
by the establishment of machine switching. 

Automatic working possesses certain attractive 
features which commend it also for the supply of service 
in rdnote and sparsely populated districts. In country 
villages, where the number of subscribers is small 
and-fcthe traffic light, it is not reasonable to expect 
from the manual system the same standard of service 
as is applicable in an exchange where the number of 
subscribers is suffident to justify unbrokeii attendance 
at the switchboard; and night service which, at some 
small.„Qountry exchanges; is. not at present av^able, 
is also a pU-oblem. , 

■h^hp employment of the automatic system at such 
places entirely removes those disabilities whidi are 


almost inseparable from a manually operated system, 
but, unfortunately, other difficulties of a technical 
and economic character aro'^troduced which up to 
the present time have not been suhnounted,- despite 
the close attention already bestowed upon the que^on. 

When the special problems pertaining to the village 
ajrtomatic exchange have been solved, as perhaps they 
may be in the near future, developments m the applica¬ 
tion of automatic working to such cases wi^l, no doubt, 
proceed rapidly. 


Long-distance CoMMUNiCATibN. 

There is something enthralling in accomplishing 
the interchange of speech over long distanMS and, 
ever since the telephone was first invented in 1876, 
endeavours have constantly made to extend 

stUl further the distance ove;; which telephonic speech 
might be satisfactorily conducted. 

From a practical point of view the possibilities of 
long-distance communication within this country are 
definitely restricted by reason of its very limited 1^^" 
daries, but in America, where the telephone flourishes 
more in any other country in the world owing 

to the vast size of the continent, there are ample oppor¬ 
tunities for development in long-distance service, an^ 
it is in America naturally where long-distance, as weU 
as short-distance, service has been developed. with 


nreat enterprise. 

The longest distance across which telephone speech 
las, so far, been transmitted successfully is between 
OateJina Island in the Padfic Ocean and Cub^a 
bance of something in excess of 6 600 miles. Tto dis- 
bance included a length of 30 nules between Galena 
and Los Angeles on the mainland bridged by 
a radio telephone connection; and between the Island 
of Cuba and the United Stalies, the long^t dee^sea 
telephone cable in use formed another link in the chwn. 

Up to the early nineties even the relahvely low 
specific inductive capacity of the composite dielectric of 
the dry-core or paper-core cable was sufficient to render 
circuits carried in such cables greatly inferior m tr^s- 
mission value to the cheaper type of circuit comprised 
of bare overhead wires supported on poles, and conse¬ 
quently the latter form of conductor weighing up to 
as much as 800 lb. per mile was employed, to the exclusion 
of underground conductors except where the latter were 
absolutely itnavoidable; 

Although the limiting distance of speech over con¬ 
ductors of various types was fairly weU taown, and 
though the reason which limited that distan^ wm 
partially but imperfectly understood, it was 
^e theoretical works of Oliver Heaviside, pp^shed. 
in this country so far back as 1887, were invesbga;^ 
and put into practical form and apphcation by Ur. 
M. I; tfhipin of New York in 1899 that the.phenomena 
which accompanied the electrical transmission of speech 
came to be properly understood and a complete know¬ 
ledge of the subject of telephonic transmission was 

^^L'^application of Pupin’s work in the fom oi an 
inductance coU for the nnUification of distofhon md 
improvmnent in transmissiQn, now'known as line loadm^ 
and its results are already matters of past history«and 



so 
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have become common practice. The application of 
line loading resulted, almost immediately in extension 
of the use of undergroiflJd conductors for longer dis¬ 
tances, but the dSect of loading in tliis country was, 
perhaps, more particularly in securing economy in 
underground line construction by a diminution in the 
gauge of wire required. 

The benefits derived from the application of loading 
to subterrapiean conductors were insufficient to permit 
of the substitution of open by underground wires for 
long-distance ^circuits, ^ven in this country. It is 
in fact only ^thin the past year or two that com¬ 
munication by telephone over conductors exclusively 
underground from end to end of the country has been 
rendered possible by the introduction of the telephone 
repeater, a device whicU.has been the dream of telephone 
engineers ever since the telephone was invented. 

The applicatipn of the thermionic valve in the pro¬ 
duction of the modem telephone repeater is too well 
Icnown to need further mention. 

The loQg-distance telephone lines of this country 
are now steadily trenOing towards a comprehensive 
system of conductors of comparatively light gauge, 
laid exclusively underground, loaded at intervals of 
japproximately 2 000 yards, linking up a series of repeater 
stations situated approximately 60 miles apart. Thus 
the one-time simple metallic loop between one centre 
and another is changing its form and becoming, as it 
were, more and more assinadlated with the speaking 
apparatus. Although there are difficulties in the way, 
some known and some perhaps unknown, of which 
therefore it is yet too early to speak, there is little 
doubt that they will be surmounted in due course 
and that a long-distance telephone system immune from 
the interruptions and disturbances due to plimatic 
and other influences, winch are inseparable even from 
the best-constructed overhead systems, will be secured. 

Line Plant. 

Since the resuscitaiion of Heaviside's theoretical 
work brought about by the investigations of Pupin, a 
fresh light has been thrown upon the functions of the 
line in the transmission of speech, and in very quick 
time an entirely new branch of telephonic science 
came into being under the term ** telephonic trans¬ 
mission." 

The result was what amounted to a revolution in 
underground line practice. The 20-lb. conductors 
universally used for subscribers' circuits soon gave 
place largely to wires of 10 lb. per mile, to be followed 
later by,,6J lb., and mechanical considerations chiefly 
limit'the use in certain circumstances of conductors of 
still lighter gauge. 

It became possible to design lines specifically accord¬ 
ing to the*''particular functions which they would be 
called npon to perform, and the altered aspect introduced 
many complexities in the design of economical cable 
systems. The problem is still further complicated by 
the provisioCi which must be made for that unknown 
quaSitity, future development, 

The considerations whick are involved in •Hiq dis¬ 
tribution of telephone lines «xe totally dissimilar from 
thoSe which apply in the distribution of gas, water and 
electrical energy, Witjji the latter, one main fr^qiiently 


serves a large numUter of consumers and, within certain 
limits, overloading may be resorted to without serious 
results; whereas for each telephone subscriber an 
independent pair of wires must be provided and main¬ 
tained in a satisfactory state of insulation between 
each subscriber's station and the exchange. Conse¬ 
quently, a telephone line system has ho flexibility apart 
from the special provision of spare conductors. Further¬ 
more, water, gas and electricity supply are regarded 
as necessary, whereas in this country telephone service 
is not, and arrangements may therefore be made V/ithout 
risk for supply of the former into all premises. Tele¬ 
phone service is not by any means universal, and 
fluctuations are conS'taipitly occurring which it is difficub? 
to cater for at short notice and reasonable cost. Conse¬ 
quently, flexibility is secured by comjileting distribution, 
wherever possible, by means of overhead wir^ radiating 
from distributing poii^ts *to which a predetermined 
number of spare pairs of wires pver and above the 
initial number of working circuits is provided. 

In the construction of telephone lines the most 
notable advance made in telephone history has been 
undoubtedly the production of the dry-core cable. 

Although the telephone dry-core cable originated in 
the United States, it is interesting to remember that as 
early as 1843 William Fothergill Cook invented, for 
telegraph purposes, a system of cable which was in 
effect " dry core." Metallic conductors insulated with 
a fibrous material were enclosed in'an iron iTube charged 
with air at a maintained pressure of about 3 lb. per 
square inch for the purpose of excluding moisture. 
The point of difference between the modem paper-core 
cable and Cook's system was that whereas in the former 
dry air is utilized as the staple insulating medium, 
the paper being introduced merely to^ maintain the 
wires in separation, in Cook's system the insulation 
was in reality dependent upon the permanent edVering 
which enveloped the wires, but that cpvering;was never¬ 
theless rendered effective as an insulator by the presence 
of dry air. 

A problem which has always presented particular 
difficulties is the effective termination of dry-core 
cable. '‘Even to-day, after more than 30 years' experi¬ 
ence, the means available for termination cannot be 
regarded as satisfactory and I commend the matter 
to those most intimately concerned for Investigation, 
in thr belief that a satisfactory solution vrould be amply 
repaid. 

CONCLUSIpN. 

In this necessarily short dissertation I have attempted 
to give a r6sum6 of the circumstances in which the 
telephone has been developed in this cotmtry from 
its establishment as a commercial project up to the 
present day, and to indicate very broadly its immediate 
possibilities. 

Time has not permitted even casual mention of the 
many troubles which the telephone has experienced, 
but it will no doubt be apparent that the varie'ii tribula¬ 
tions and vicissitudes tlyrough which it has passed 
have rendered its life a most eventful one. 

It is now confidently anticipa.ted that its troubles, 
if not ended, are at least moderated sufficiently to 
admit of a development which will be creditable to 
the country. 
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By B. Welbourn, Member. 


During .the;year it has been my privUege to pay a 
second visft to Canada and the United States, and to 
see for myself the immense progress which has taken 
glace in all things electrical du^g; the past 16 years. 

Telephony. 

The first thing that impressed me was,the extensive 
use of the telephone both for short and long-distance 
work. Owing to the high price of labour and the shortap 
ot domestic servant, the telephonfe is a necessity in 
the majority of homes. The lady of -fee house has much 
of the housework to do and necessarily gives her ordera 
to the tradesmen by telephone. In the hotels there is 
mot entire priva<y, as even in the bedroom there is 
usually a telephone. 

There are now approximatdy 14 300 000 telephone 
stations in the United States. Of these, a^ut 860 000 
are on the Strowger S3rstem as made in Liverpool, and 
about 40 000 are of other types. The annual gr<^h of 
all stations is 6 per cent, but it is significant t^t the 
annual growth of automatic stations is approximat^y 
10 pe-cent. The telephone companies, of which the 
Bell System is by far the largest, make it easy for p^ple 
to telephone or telegraph, and tlie use of both methods 
has become almost a habit. As illustra^g ^e 
of the use of the telephone, I was told in Chicago that 
there as one telephone to every five people, while in 
Los Angeles, California, with 700 000 people, there 
are over 170 000 telephones, i.e. one to every four 
people, and telephones are thare being connected up 
at the rate of 290 per working day wito no sign of 
finality ahead. To many Liverpool engineers a very 
interesting feature of this will be that the whole-system 
in Los An geles is being converted to the StrowgCT 
automatic system as quickly as the plant can be deliv^d 
from Oiicago. It was also interesting to learn toat two 
exchanges are bang equipped in New York with auto¬ 
matic telephones. . ^ , 

Long-distance telephony has made considerable pro¬ 
gress, and it is now possible to telephone fi:(m Catatoa 
TJan^^ off the Padfic Coast, to Havana in the island of 
Cuba. This telephone transmission is of more than 
ordinary interest, as wireless telephony is used ^tween 
Catalina Island and the Californian coast and is there 
joined in series with the land line to the Atlantic coMt 
whence messages pass over the loaded submarine cable 
to Cuba—a distance of approximately 4 000 nfiles. I 
understand that, for this purpose, both the physical and 
phantom circuits are used over tiiei land trunk lines. 

Very severe gales with, snow sxe esi^erienced. in the 
Eastern States, and the consequent disorganization of 
smrylce in. the winter is having the same effect as in 
England, namely, the pladng qf main transmission 


(ASdress delivered at Liverpool, 6th November, 1922.) 

circuits underground with paper-insulatSd lead-sheatoed 
cables to which Pupin loading coils add thmmiomc 
valve repeaters are attached, while expenm^ts have 
shown that it is now possible to telephone experimenta^y 
over 16 OOO miles of such loaded underground 
although toe present commercial limit is about 1OOU 

miles. 1 

One very noticeable feature in telephone 
America is toe free way in which lea^-sheatoed sables 
are used overhead. In these cases toe lead s ea is 
alloyed with 1 per cent of antimony to W«n it and 
to improve toe crystalline structure, and toe <mble is 
then suspended from a messenger wire by short sup¬ 
ports at frequent intervals. 

Among toe interesting things shown to me were toe 
first coU of wire through which toe late Dr. Alexande 
Graham Bell sent his first telephone me^ge, ^d toe 
loud-speaking telephones used by President Ha^ g 
when addressing a crowd of 100 000 people at toe 
Unknown Soldier’s funeral at Arlington Cemeteiy. 
Simultaneously, by means of special arra^S®^®*^®’ 
addressed audiences of similar size at San Francisco 
and New York. There appears to be no real te^cal 
difihculty in, speaking simultaneously to audiences 
wherever tiiere are telephone exchanges. 

Broadcasting. 

Owing to too early lack of control in broadcasting 
stations, of which there are about 600, affairs seein to 
be in a chaotic state in toe United States, and admuration 
was expressed for the leisurely but orderly way m which 
toe matter is being tackled in this country. 

It is estimated that there are about 2 000 000 wird^ 
telephone reception sets in toe United States, of wMch 
one half have been made by manufacturers and one halt 
bv amateur?. The manufacture appears to have oirt- 
grown toe demand and toe makeas were said' to be 
loaded up with unsaleable stock. Whether this was due 
to a seasonal slackness of demand, or to toe mterestm 
wirdess. telephony dying out, remains to be 
seems significant,<liowever, tlmt a good deal of Second¬ 
hand wirdess apparatus is being offered fw sale. 

In New York I had toe pleasure of bemg p^ent 
when Senator Marconi received the Franl^n Medal of 
Honour and of hearing his address to the joist meeting 
of the American Institute of Electrical Engnews and 
toe Institute of Radio Engineers. He dealt with toe 
position of wireless telegraphy and telephony genm^lly. 
Ind gave a good deal of information mgaitong his 
respmed experiments wito 16-m wave-length telephony, 
with which he can no^ a®* commercial speech over 
a distance of 120 miles, tqgetoer With very dose direc¬ 
tion. It would seem that toe use of such a system, which 
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is outside the ordinary commercial ranffe of wave¬ 
lengths, should have considerable possibilities for 
ship-tp-ship and ship-tonSliore work and also in public 
utility work, as Considerable secrecy can be obtained. 
The advantages of ship-to-ship and ship-to-shore work 
under foggy conditions seem to be too obvious to need 
argument. 

Electricity Supply. 

I hope to say something here which will encourage 
and stimulate electricily supply engineers to^furth^ 
efforts in promoting the use of electricity in this 
country. 

To show the extent to which electricity is used for 
lighting in the United States and in Canada, I would 
mention that in the_ ^lonth succeeding my departure 
from Liverpool I saw o^y a single gas flare used for 
illuminating piyrposes; that was in connection with 
some suburban street lighting about 10 miles from 
Chicago I did not, I think, see it again during the 
succeeding 25 days, except in the streets of Pittsburgh, 
Pa., where there is am’t)le natural gas, and until I saw 
it from the Elevated Railway in New York through an 
open window of some old property. 

The New York Edison Company alone has 600 000 
kW of plant installed, and in Chicago the Commonwealth 
Edison Company has 626 450 kW, of which 230 000 kW 
is in the Fisk-street station. The maximum demand 
in this city was well over 500 000 kW in Decemer 1921. 
With a population of 2 700 000 people there are 536 982 
consumers, of whom 425 200 are residence consumer^, 
and the total number of kilowatt-hours developed by 
the company in 1921 was 1 928 271 940, i.e. 714 kWh 
per head of population. The number of new con¬ 
sumers added in 1921 was 62 287, and a car-load of 
meters alone is required per week to keep pace with 
the new service work. Thef total capital investment is 
$136 310 574, say, £30 000 000. 

Let us compare these figures with those for Greater 
London with a population of 8J million people. Taking 
first of all the company and municipal undertakings, 
thus for the most part excluding all railway load, from 
the period 1919-1920 to 1920-1921 the total increase 
in the number of consumers was in roimd figures 26 000, 
bringing the total up to approxiinately 340 000. During 
the same period the increase in the plant installed was 
about12 000 kW. There was an increase of nearly 
40 000 000 in the kWh sold, bringing the total up to 
nearly 700 000 000. The total capital investment now 
stands at about £38 000 000, exclusive of the amount 
specially invested in power houses for transportation 
supphe^. 

To the above figures we can add approximately 
660 000 000 kWh for the total units used for transporta¬ 
tion, bringkig the approximate total units for the last 
conjLplpte year to nearly 1 300 000 000, that is, about 
166 per head of population. Comparing this with the 
714 kWh per head of population at Chicago, it will be 
realized at enhe what an im^pense amount of leeway 
hasf'to be made up in the capital city of our countr^ 
alone b^ore the use of ele^triQity reaches thOiState of 
dev^pment attained*by our«Ameiican cousins. 

.Aft the risk of wearying you, I want to drive the point 


home by giving you data for the whole of the State of 
California and a few other places for 1921. 


Number of Consumers in California ^ .. 843 011 

Connected load, in h.p. . - .. . • 2 959.413 

Employees .. . 20 300 

Pay-roll .$31 227 496 

Taxes . $6 049 577 

Miles of wire .., .. .. • • 127 382 

Oil consumed—^barrels (no coal or wood) 2 840 395 
Total investment .. .. .. .. " $448 669 330 

Total kWh generated ."^4 900 479 010 

Total kWh sales .. .. •. • • 2 662 653 511 

Power plant capacity .. ♦. .. 1 463 009 

Total population of ^t^fces .. .. 3 426'^3^ 

No. of kWh per head of population .. 777 


In California, where the electricity supply is regulated 
by the Railroad Comimssfon very much in the same 
way that it is governed in this coun*^ by the Electricity 
Commissioners, there is wery, little, if any, over-lappifig 
of territory on the part of the electricity supply 
authorities. They seem to work together harmonious^ 
and to have made many voluntary arrangements for 
the purpose of interchange of power^ Practically 100" 
per cent of the houses in California are lighted by 
electricity exclusively, and, generally spealdng, it may 
be said that the development of California depends 
very largely on electric power. 

I should like to illustrate my meaning by giving a 
few particulars to show the way in which the electrical. 
habit has been cultivated in this State. The Soutliem 
California Edison Companyhas 380 000 h.p. installed, 
chiefly in hydro-electric stations, and has so much faith 
in the future that it is proceeding with th^ developmey^t' 
of an additional 1 220 000 h.p. The present output is 
distributed over their area of 66 873 square miles, with 
a population of 1 500 000 people by means of a network 
of over 10 000 miles of transmission and distribution 
lines. It supplies energy for 312 communities, furnishes 
power for 2 000 miles of interurban electric railways 
and fdr the irrigation of 1 000 000 acres of land. They 
directly supply’276 000 consumers, while other Southern, 
Californian systems supply 240 000 consumers, thus 
making a total of 616 000, 

Further north in the same State the Pacific Gas and 
Electric Company transmits and distributes over an 
area 68 481 square miles with a population of 1;716 959 
and 286 206 consumers, some of whom are distribution 
companies. To deal with this load, the company has a 
total installed capacity of 481 836 h.p., of which 421 760 
h.p. is hydro-electiic,’ and approximately 60 000 h.p. is 
steam-generated in oil-fired stations. Their supply is 
distributed over 9 971 miles of overhead lines. 

Turning to our own Empire, we find rapid develop- 
mentin Canada. Apart from the great systems in Quebec 
centring around Montreal, etc., and those in British 
Columbia controlled by the British Cq^umbia Electric 
Railway Company, etc., there is the larger Government 
and municipal partnership^ scheme called the Hydro- 
Electric Commission of Ontario, which owns ‘and makes 
use of generating plant at Niagara to the extent of 
427 000 h.p., and other sources of power, is^ covering 
the whole province with a network of 110 000-volt 
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and other lines and serves a population of 1 667 166. 
The Commission had 268 743 consumers on 31st October, 
1921, with a maximum demand in June, 1922, of 
360 268 h.p., and 5 saw for myself a great deal of the use 
which is made of the power from Niagara in the Com¬ 
mission's area from wayside farms to large undertakings 
such as that at Toronto. The Commission has succeeded 
in reducing very materially the cost of electocity to 
the consumer in Ontario, with tlie result that its use is 
extending rapidly. For instance, the Toronto under¬ 
taking, had 12 000 consumers 10 years ago, whereas it 
now has *80 000. In Toronto the domestic consumption 
in kWh per consumer per month was 27 in 1914, whereas 
in 1924 it was 48, an increase of 78 per cent; the whole- 
^alS. rates per kWh per annum have been reduced from 
$18 60 in 1912 to $17.00 in 1921, a decrease of 8 per cent, 
while the net cost ppc kWh for the domestic consumer 
has been reduced from 4‘4-*cents in 1913 to 2*2 cents 
in 1921, a decrease of 60 per cedt. . 

The question that I asked myself is : How is it that 
this great business is ddhe ? In the first place one 
would expect that the electricity supply rates for power 
ahd domestic users must be considerably lower than 
in this country. With the exception of the Ontario 
scheme just referred to, I do not think that tiiis is 
the case, but members will realize that it is (fiificult 
to malce a direct comparison owing to the difierent 
money values obtaining in North America and in tMs 
country. I tliink 1*hat the real explanation lies m 
the fact that the use of electricity is a habit with 
most people in the United States and Canada. It 
has*to be remembered that the United States and 
Canada are largely new countries where gas had not 
become well established when electric lighting first 
became available, and that the growth of most of the 
dties "Has beeffi coincident with the electrical era. In 
many places both the gas and electrical interests ^e 
under the control of one company with men in high 
position who have* rightly relegated gas to its proper 
functjpn of heating purposes and reserved electricity 
for power and lighting. The advent of electric^ light 
into the fiome has been followed up by very active 
propaganda by salesmen of electrical accessories;. wMle 
the companies have extensive showrooms in which 
prospective consumers can see apparatus in actual 
use before tl\ey commit themselves to a purchase. 
For instance, in Chicago the whole ground floor of the 
Commonwealth Ecflson Company's large building is 
used for showrooms. In these showrooms I saw, among 
other things, an excellent demonstration of a washing 
machine driven by an electrical motor, not as a special 
demonstration but as part of the day-by-day routine. 

I do not wish to create the impression that the elecixic 
supply authorities in this country are unprogressive, 
but the fibres that I have given show what an immensely 
greater business awaits them. Apart from railway 
electrification, which is only developing slowly, I would 
urge that .pau^h 'greater attention should be paid to 
securing the immense domestic load which may ^ be 
as great as all the industrial business and less subject 
to trader fluctuations. This load is not to be secur^ 
by merely cuttiug the price of electricity, but it will 
require vigorous propaganda and salesmanship in the 
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best sense of the word, the removal of ail unnecessary 
restrictions, and arrangements to enable people’ to 
secure the apparatus withoisfc which they cannot use 
electricity. We are apt to forget th^t it is a feature of 
electrical appliances that their cost is frequently high 
compared with the value of the electricity which they 
consume in a year. To meet these points and to enable 
the electric supply undertakings to get some of the 
money which they now give to the gas cojp.panies and 
local merchants we must,have : 

{a) A reasonable but not necessarily a very cut" rate 

for electricity. 

(6) A system of hire or hire-purchase of the more 

expensive pieces of apparatus. 

(c) In many cases, hire-purchase wiring of houses. 

{d) A liberal practice in regard to 

(1) Laying of mains. 

(2) Showrooms. 

(3) Demonstration of apparaths. 

(4) Giving to the public what is ^nerally 

known to-day asservice." 

On the power side of the . business in America most 
factories and the street, elevated, tube and high-speed 
interurban railways are run electrically, and. there 
can be no doubt that with these already large loads 
a much bigger load awaits connection when- the 
electrification of main-line railways reaUy goes ahead. 

I hope tliat the electricity supply authorities in this 
country will see to it that they secure the supply of 
electricity to the railways as and when the electrification 
of and . suburban lines is proceeded with, so that 

there will be no waste of capital, and so that the load 
factor of the supply authorities' power stations will be 
improved. Immense loads are provided for the supply 
authorities by the local and Express lift or elevator 
systems which are used in every important office building, 
and there would seem to be much room for improvement 
in this direction in our own country. At night, large 
blocks of power are.used by the electrical sign advertise¬ 
ments, and no one who has seen the " White Way 
in New York is ever likely to forget it. Despite the 
big power loads referred to, I was very much impressed 
everywhere with the steadiness of the pressure suppHed 
to the consumers' terminals. The quality of tlie street 
lighting is also for the most part quite good and, in 
many important streets, the light on the road suHace 
is equal to that in Portland-street, Manchester. 

A question which is often raised, and which is some¬ 
times difficult to decide, is whetlier it is better to place 
a generating station near the centre of pavity 5f the 
load or at some distance away and to give the supply 
through underground or overhead mains or, alternatively, 
to take a supply from an outside source, with a station 
at a considerable distance. In one area whose hydro¬ 
electric power is used extensively, some inter^tijig 
data and costs were placed at my disposal, ^e total 
cost per kWh at the power station busbars, including 
all capital charges, depreciation, etc., wa» 0‘2 cent, 
\jjhereas 0*36 cent per unit have to be added to this«to 
cover all tlie transmission enlarges over a 250-ifiile line 
to the,point of delivety, malting a total of 0*55 oent, 
so that the cost of transmission is much more important 
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than the cost of generation. In this connection I was 
surprised to find that^the power available from some 
hydro-electric systems fitlctuates more than one had 
imagined it to do. In the area in question in the past 
25 years the rainfall has varied from 10*26 to 49*46 
inches per annum, and most of this rainfall occurs in 
only three months of the year. Jt follows from this 
that steam stations have to be employed on some 
parts of the system and, in one case, 30 per cent of the 
units sold last year were derived from the steam plant. 
The steam stations in .California are usually Supplied 
with oil fuel, the price of which fluctuates considerably. 
Were it not for this latter factor and the feared exhaustion 
of oil supplies, it is not unlikely that more use would 
be made of steam stations, especially as, at the average 
prices of oil, the tot^ljcost of generation on the Pacific 
Coast is just about tho. same as the cost of hydro¬ 
electric power delivered over such long lines as the one 
referred to. 


In *vi,ew of the great discussion in this coun*try sinc( 
1914 on^nking-up, etc., I shall naturally be expected 
to say something aboui the security of supply. 

(a) A great deal of interconnection or linking-up oJ 
po*wer systems and stations has been carried out volun- 

outstanding example of the value 
of hberal Hnking-up was illustrated in the spring oi 
tosye^, when approximately 160 000 h.p. of generating 
plant broke down in one week in the various stations 
at Niagara, and yet the interruption of supply to con¬ 
sumers was negligible. An ounce of practice is worth 
pounds of theory. 

(b) In big cities like New York, Chicago, San Fran- 

steam stations and 
dKtabufaon by means of imderground cables, the 
supply is, I believe, good. In other 
mties which ^e dependent for supply on overhead 
ttansmisaon hnes* and overhead distribution networks, 
tte supply IS not by any means so good, particularly 
*^e overhead'lines are much 
affect^ by hghtmng and snowstorms. The effects of 

particularly felt last winter 
m Masj.chusetts, Ontario, etc., as reported in the Press 


Transmission and Cables. 

So far as power cables are concerned, there is a good 
ei^enence m the United States with 24 000- and 

itfi ^ T® *^e records in the tech- 

meal PreM disclose that a good deal of it has not been 
happy, troubles with underground cables appear 
^een due both to defective manufacture Ld 
ioiHting and to overloading, partly under war condi- 
toons. In this connection, it has to be remembered 
mt Ammcan engineers have mainly had to specialize 
and^h 'development of overhead transmission lines, 
TfiAf * ‘I’jsstion of cables has been of minor importance. 

1"°"^ d’ecoming much more important, 
tod a great de^ of attentiomis being concentrated on 
the development of 3-core, high-voltage cables, including 


those for a working pressure of 33 000 volts. The necessity 
for this arises out of the big loads to be transmitted 
and because of the attitude of the fire insurance com¬ 
panies *towards overhead vares, especially as so many, 
of the residences are Ijiuilt of wood, and because of the 
hindrance caused by wires to the fire'brigades before 
they can get to work. From this lt‘‘would seem that 
tile use of underground cables will rapidly spread in 
the residential areas/ The long transmission lines are 
a conspicuous feature of the electricity supply business 
in the United States and Canada, and iit soQie.places, 
owing to the absence of coal and oil, electilcity must 
either be transmitted by them or not at all. They 
therefore have to Ij^e ^sed, with their known sirac^ti- 
bility to lightning and storms. Troubles from these 
causes vary very much in different parts of the country. 
They are pajjticularly bad in the,. Eastern g^nd Middle 
West States, whereas on IJie Pacific Coast there is a 
noticeable absence of forked lightning and of snow, with 
the result that higher voltages are permissible there 
th^ elsewhere. It is right to add that there is abundant 
evidence that lightning troubles can be mitigated by 
the use of electrolytic and oxide-film arresters. 

Transmission Pressures. 

The Great Western Power Company in California is 
successfuUy operating at 166 000 volts a.c., wliile tlie 
Southern California Edison Company will next year, 
bring into use a 240-inile reconstructed line at 220 000 
volts, and the Pacific Gas and Electric Company has 
just brought into use at 126 000 volts the Pit Riyer- 
Vacaville 260-mile line wliich is designed for ultimate 
use at 220 000 volts. A great deal of the success or 
otherwise of transmission lines depends on the stis- 
pension-type insulators. It is notorious that these 
insulators were exceedingly unreliable until ab^ut five 
years ago and, in the interests of electrici*ty supply 
generally, it is very satisfactory to^^know that makers 
I in the United States and Canada, as well as one well- 
kno-wn firm in this country, have very seriously tackled 
the problem of manufacture and have develops products 
which* can be used with confidence. In tliis connection 
I should like to say that it is my belief that insulators 
built to the new B.E.S.A. Specification No. 137 (1922) 
can be depended on for satisfactory service, but that 
when next the Specification is revised a high-frequency 
test should be added. In order to get *the best ^practical 
result from such a test, it seems desirable that the 
wave trains should be damped so as to simulate as 
closely as possible those produced by lightning. 

General, 

I *\^sh to take this opportunity of acknowledging the 
hospitali*ty extended to me by many engineers ih the 
States and Canada, and to express my appreciation of 
the handsome way in which they plac^fd information at 
my disposal. 
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By W. B. WooDHOUSE, Member. 

(Address delivered at Leeds, 1th November, 1922.) 


I have -to ijiank you for the honour you have done 
me in agaiai Meeting me as your Chairman, and I hope 
that my year of office will see not only a continuance of 
the jgrOwth of this Centre and gf tjie Institution as a 
whofe, but also a marked improvement in the general 
prosperity of the country. 

In choosing a subject for my address J[ felt that I 
might be forgiven if I codfitited my remarks to matters 
connected with the electricity supply industry in which 
I.am engaged. My addresis in 191^* dealt with one 
particular problem in connection with electricity supply, 
n^ely, the conservation of coal and the possibility of a 
general adoption of distillation processes and the pro¬ 
duction of oils, g^ and ammonia from coal, the raw 
material of our industry. 

All our elaborate supply systems are merely a means 
of distributing the heat energy of coal, and the proper 
treatment of coal is no less important to-day than 
fomerly. Tlfte commercial problem is so to treat coal 
as to obtain the greatest difference between the selling 
price of the coal products and the cost of the treat¬ 
ment.. 

The disadvantages of all the processes of distillation 
w'hich have -be^n tried are, broadly speaking, two in 
number. First, there is the cost of the process (wages, 
maintenance and capital charges), and secondly, the 
loss ofdieat, or the low heat efficiency of the process. 
Much work has been done since I discussed this matter 
in 1913 and^progress has been made, though commercial 
success has not yet been achieved. 

If the growing demand for fuel oils for ini^mal 
combustion engines can be met from our national coal 
resources, the present steady growth of the use'\>f oil 
for marine.purposes may be regarded with equanimity; 
if not, the national wealth of coal cannot so readily be 
used to pay the nation's debts, and the country must 
suffer. 

The electricity supply industry is particularly fitted to 
take a part in the solution of this problem ; coal is dealt 
with in large quantities, and the process of electrical 
power production is a continous one—conditions which 
are essential to any economical process of distillation. 
I hope that an increasing number of those engaged in 
electricity supply will devote their attention to this 
subject and will make^themselves , familiar with gas¬ 
works and coke-oven practice as well as with the 
interesting research work into the structure and composi¬ 
tion of ou» coals which is taking place. 

Our present practice of producing power from coal 
by the agency of steam and the\ise of boilers and turbines 
shows a* substantial improvement oh Jhe practice of 
10 yeais agq; larger turbines and high^ steam pressures 
• Journal I.EJS,, 1914, vol. -^2, p. 30. 


are res|lonsible for definite savings, anc3t boiler-house 
practice also has improved. 

The limits of the efficient use of steam in turbines have 
not yet been reached, but for the moment the greatest 
possibility of improvement seems to lie in the boiler 
house. Recent developments in^the use of powdered 
fuel are of particular interest. 

It has always seemed to me a little unfortunate that the 
efficiency of a steam-raising device consisting of a futhace, 
a means of releasing heat energy, and a boiler, a naeans of 
absorbing heat energy, should not be consider^ dn two 
parts, separately. If this were done there is little doubt 
that more attention would be directed to the furnace than 
has been the case in the past, and as a consequence its 
efficiency would be improved. 

Intimately bound up with that of the economical 
production of power is the problem of the working of 
interconnected stations, a problem which, I think, will 
be solved in large part by a moderate amount of study. 
For many yea^s we are likely to continue the use of some 
smaller stations during factory hours, on account of the 
plant already installed and of their geographical position. 

To ensure the economical use of such a station as part 
of an interconnected system, the establishment of a 
controlling engineer with autocratic powers is regarded 
by some as essential. It should not be overlooked, 
however, that private steam plants e:ast in many cases 
because of the needs of their owners for steam for other 
purposes, and that we must provide for the inter¬ 
connection of these plants as well as for the public stations. 
Consequently, a single control in all cases seems likely 
to be difficult of attainment. I am disposed to think 
that the control necessary for economy and reliability 
may be equally well obtained by the influence of tariffs 
based on a closer study of the costs of working, and that 
it will be unwise to assume that a dictatorship Is the 
only solution. 

The cost of operating any steam plant under normal 
conditions may be analysed very simply, and the most 
economical method of interworking readily arrived 
at. A study of th^problem should enable the pijovision 
for emergency conditions also to become clearer and 
more obvious, and it should not be difficult by considera¬ 
tion and classification to provide for security as w;ell as 
economy, even though the generating stations remain 
under separate control. 

Interconnected worldng need not, therefore, wait 
upon the creation of some controlling organization, 
more particularly as the ppssibihty of the uSe of high- 
pjessure direct current (the adoption of which wottld 
remove many present diffieuWies) seems within sight. 

The power-supply engineer is frequently confroifted 
with cases where power users, because of their require? 
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Ujents for steam for other purposes, are, disposed to 
install exhaust or ,p^s-out steam turbines. These 
cases will repay the moak careful study. 

The exhaust-steam turbine is sinking into a position 
of relative unimport^ce, although at one time it was a 
powerful buttress of the reciprocating winding engine 
for colliery purposes. A study of the limitations of 
this combination shows that it must eventually dis¬ 
appear, except in very special cases, in any district where 
a public supply system is operating from large generating 
stations. 

Another problem is introduced by the pass-out 
turbine, the limitations of .which are naturally rather 
less known than the virtues claimed for it by the makers. 
There are definite economic limitations to the use of 
this t 3 ^e of machine, which will repay study and which 
indicate that the publig supply undertaking need not 
despair of suppl^dng all the power requirements of works 
wher« a large arngunt of steam is required at low pressure 
for process work. 

As to •the . transmission and distribution of energy, 
definite progress has been made as the result of research 
and experience; from the gireater attention paid to this 
subject a much clearer knowledge is being obtained of 
the technical and commercial conditions to be observed. 
The construction and use of cables for pressures above 
30 000 volts, the rating of cables, and the continued 
testing of their state are all problems of great interest 
which deserve the closest attention of the electrical 
industry. 

As to methods of distribution, the necessity for reducing 
the cost is urgent. Much good would be done, I think, 
by a free discussion of present methods, with the object 
of eliminating unnecessary work and cheapening the. 
remainder, 

L^y undertakings Ifave not for many years altered 
their practice in the method of laying mains and making 
joints, and there are other details of practice which 
would repay consideration. 

Overhead line construction is also in a state of change. 
New regulations governing their construction in this 
country will be forthcoming at an early date and the 
satisfaction of these reg^ations at minimum cost is 
a matter of great importance, particularly in districts 
where the demand for electricity is not dense. Such 
problems as the design of supporting poles or towers 
and'flieir foundations, the properties and behaviour of 
conductors, copper and other metals, and of insulators 
of porcelain and other materials, will well repay attention. 
The design of service lines for distribution at the pressure 
of u&,^ and the many problems arising from supply 
in fior^ districts, should all receive attention. 

In connection with all these problems the records of 
other people's work to be found in the technical Press 
and in ^ch publications as Science Abstracts^ are of 
gl^eaj: value for reference, but something more is wanted. 
It would, I t hin k, be of assistance to many of us if in each 
principal section of electrical &gineering the Institution 
could anran.^ for the publication of an annual summary 
of" new developments and problems, such summa^ 
to be'■prepared by som#onp not only familiar with, 
published results bift in touch with the work being done 
by such bodies as the British Engineering Standards 


Association, the British Electrical and Allied Industries 
Research Association and the like. Such a summary 
would, I think, be of particular value to the younger 
members. The practice of electricjjty supply, tliough 
still changing, is in many respects becoming stereotyped) 
and there is a tendency for the young engineer introduced 
to a large and complicated supply orgaJiiization to assume 
that existing practice is the final development. It would 
be unfortunate if„ tins point of view were to lead our 
younger members to neglect their inventive faculties, 
and I feel that an annual summary such as 1 have referred 
to would prove a beneficial stimulus. 

Finally, I should like to refer to the question of the 
relationship of supply undertakings to the public, and 
the necessity for making clear to the public the reaSoifi 
for what are often regarded as being extraordinary 
tariffs. It ij difficult for many^non-techip.cal people 
to understand why a power supply and a lightmg supply 
should differ to such & great extent in price, and the 
feeling that its mystery is probatfly a cloak for unfair 
discrimination is very likelj’’ to follow^. We have seen 
recently an agitation against the tlierm" basis of 
charging for gas, an agitation based largely on suspicibn 
generated, in the public mind because of its unfamjjiiarity.. 
To any engineer who has considereS the matter, the 
method of charging is fully justifiable, and I have 
noticed with pleasure the almost complete abstention 
on the part of the electrical industry from the campaign 
against the gas companies. One §hould, hpwever, learn 
a lesson from the gas engineers' tribulations and 
• endeavour to make clear to the public beforehand why 
any particular form of tarffi is adopted, so that wblic 
confidence may not be lost. 

This problem of equitable tariffs becomes of more 
importance as a supply is given over ""wider and Ifess 
thickly populated areas. The Hopktoson basis of 
charges was a sufficient approximation for supply in 
a densely populated area, but no tariff based only on a 
demand charge plus a unit charge can equital)ly be made 
to fit all the circumstances in an area including to^n and 
country districts. It is necessary to declare franldy 
that the cost of distribution must make '0ie charges 
for ekctricity liigher in rural districts, and I tbimy that 
the whole industry would be helped by a general dis¬ 
cussion of this subject. 

The work of the Institution and the Electrical Develop- 
mejjj: Association in this respect is helpful, and we are, 
as an industry, fortunate in having the Electricity Com- 
r^sioners to stand between us and an uninstructed agita¬ 
tion such as has been directed against the gas industry. 

Progress in supply, whether under the management 
of a company or a municipality, can only be maintained 
subject to the essential economic condition of a fair 
return on capital and a reasonable margin to permit 
developments to be made by research or enterprise, so 
that the industry may be kept in the forefront of progress 
and be active and healthy enough to meet changed 
conditions in the interests of all conCerped 

I believe that any concerted action of tlie industry 
has been much retarded ^by the antagonism which has 
existed in the past between various sections. I am 
glad to think that the work of the Elecbricitj’’ 
Commissioners in the co-ordination of supply, the 
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avoidance or adjustment of overlapping powers, and the 
geaeral and wide supervision which they have of 
the developments of electricity supply, has already done 
good, and that the settlement at an early date of the 
respective spheres of operation and the association 
together of elec^^ricity undertakings will permit both 
municipal and company engineers to co-operate as never 
before, without feeling that poUtical advantage will 
be taken of their mutual confidence. 


Many ofthese problems are in particular for the 
younger men of our industry So solye; their solution 
is necessary not .only for the prosperity of the electricity 
supply industry, but in the interests of tlie country as 
a whole. 

In recent years the industry has been relatively 
prosperous; it can ®nly remain so by an appreciation 
of national needs, by hard work and by close co-operation 
on the part of all concerned. 
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By William Pearson, Associate Member- 

(Extract from Address delivered at Loughborough, 10/A October, 1922.) 


The changes which take place gradually among our 
daily associations tend to pass unnoticed, and it is 
well sometimes to attempt to realize the changes over 
a considerable period to determine whether the altered 
•circumstances necessitate a new attitude towards 
them. As a rule these scarcely perceived changes of 
•conditions will have resulted in an unconscious adjust¬ 
ment, but one inadequate to niake the best of the new 
' station. , 

TThe,genius of the British people is individualistic, 
and^this qualily, with the self-reliance and initiative 
assQci8rt:ed with it, was entirely advantageous while 
the electrical industry was in the experimental stage. 
But when^'an industry reaches the stage of quantity 
prodL>iction of articles of .established types, the advan¬ 
tage tend^ to lie with the large manufacturing co?pora- 
•tioiis which are characteristic of other countries. The 
remedy may be in similar large aggregations of ‘Capital 
and manufacturing plant, but (despite some successful 
examples of this kind) I believe that the engineering 
industry of this country will continue to be largely in the 
hands of,companies of smaller size. The altemativciis to 
be found in co-operative action to secure for the common 
good those advantages which cannot be efficiently 
attained by the isolated efforts of individual firms.. 
There is also a large sphere in which the user could 
and should co-operate with the manufacturer for the 
good of the industry as a whole. It is with the idea 
that such co-operation should be more deliberately, 
encouraged that I am^taking this opportunity to call 
attention to some of the forms of co-operation which 
have already emerged. 

Co-operation is the chief condition of progress in 
humarf society. The stimulus of competition is valuable 
only in so far as it leads to co-operation, and apart 
fropi this ^result its benefits are sbort-lived. .Un¬ 
restricted <sompetition results in the inefficient use of 
.the ability employed in the industry as a whole, in 


crippled financial resources, and in deterioration of 
the product. In the world of sport everyone realizes 
that combination is the "first essential, and there is 
no doubt that if, in industry, means could be found 
to secure whole-hearted co-operation between labour, 
capital and management, production would be enor¬ 
mously increased. Much might be said with regalrd 
to the efforts made during the past few years to secure 
such co-operation, but I propose to limit my remarks 
to the benefits resulting from op-operation between the 
manufacturers engaged in the engineering industry 
and those who represent the purchaser of the product. 

This Institution has talien a leading part in one 
matter, not of a technical character, which will serve 
as an illustration-^I refer to General Conditions of 
Contract. In the past, some of those acting on behalf 
of purchasers regarded the contractor not as an ally 
in securing the achievement of the purpose of the 
contract, but as an opponent to be taken at a dis-^ 
advantage by the aid of very one-sided General Con¬ 
ditions. The position became so intolerable t^at in 
1911 a number of manufacturers came together and 
agreed to insist upon three protective clauses being 
inserted in all contracts. Out of such action developed 
the British Electrical and Allied Manufacturers* Asso¬ 
ciation, which haS since standardized sets of^gener^ 
conditions applicable to all kinds of contracts ancr fair 
to both parties. But the work of the Institution 
in producing its more elaborated Model General Condi¬ 
tions M Contract in 1912 (with subsequent‘''5revisions) 
owes its value to the fact that it represents coUabosa- 
tion between all the ii^terested parties. The use of 
these conditions not only removes the cause of much 
friction, but also saves th# almost incredible amount of 
•ttme which previously was wasted in the study of con¬ 
ditions that differed in* aUciost every contract. In 
this matter the engmeers appear \o be pioneers, and 
the Federation of British Industries, which is at present 
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investigating the possibility of producing %eneral con¬ 
ditions applicable, to iitdjjstry generally, will probably 
find their best model in the I,E.E. Model General 
Conditions of Contract. 

The revision of the I.E.E. Wiring Rules, which is at 
present in progress, is another example of an important 
matter in which all the organizations interested are 
participating. 

Other collaborations of similar type but more limited 
scope are those* between the Incorporated Municipal 
Electrical Association ^d the British Electrical and 
Allied Manufacturers' Association, deahng with standard 
schedules of guarantee and performance, etc., in relation 
to turbo-generator and condensing-plant contracts. 

In passing, it should be noted that the Institutions 
^emselves represent* a form of co-operation between 
individual engineers, aiM that the need for further 
co-oppration liaS led to the proposal of a Joint Council 
for the four premier Institutions, and to an endeavour 
to fornf IP Association of British Engineering Sodeties 
to co-oVdinate the work of a large number of other 
technical organizations. 

The function of the engineer may be defined as 

the economy of human effort," and in support of 
this one need only mention transport by land and 
sea, or the application of pow^er to all kinds of manu¬ 
facture. Yet it is probable^ that the number of non¬ 
producers in engineering is* at least as large propor¬ 
tionately as in other industries. There seems to be 
no immediate prospect of any serious reduction in the 
large army of workers engaged in the distribution 
of goods made by other people, but a small effort in 
this direction is the co-operative publicity work which is 
the function of the British Electrical Development Asso¬ 
ciation, a development of the Heating and Cooking Com- 


imttee of this Institution, and the result of the collabora¬ 
tion of seven other Associations with the Institutioif. 

The most important of these endeavours to secure 
efficiency in the industry by the coinbined efforts of all- 
interested parties relate, however, to research and 
standardization, and I wish to dirept your attention 
particularly to these subjects. 

(Mr. Pearson then referred to the research work 
fostered by the Committee of tlie Privy Council for 
Scientific and Industrial Research, and, described in 
detail the organization and work of the BrKasJ^'Electrical 
and Allied Industries Research Association. He also 
described the origin, purpose and methods of the 
organizations concerned with standardization, ke.^^tha 
British Engineering Standards Association and the Inter¬ 
national Electrotechnical Commission. He quoted 
the official •B.E.S.A. st^^tement that Industrial 
standardization has for^its main objects the elimination 
of the waste of time and material ninvolved in the pro- 
. duction of a multiplicity oft;sizes and *lqualities for on'e 
and the same purpose, the fixing of dimensions pf 
component parts where interchangeability is essenti?!, 
the setting up of standards of performance whereby 
comparisons can be made with equity, and the defining 
of attainable quality of material." He indicated 
various kinds of standardization fulfilling these different 
objects, a.nd then made special reference to the Rating 
of Electrical Macliinery, describing the recent revision 
of British Standard Specification 'No. 72 as being the 
most important in relation to electrical engineering. 
He showed how the several Specifications shortly to be 
issued would adequately mebt the needs of the industry, 
which the superseded document failed to do, and urged 
it as a duty to make the fullest possible use of th^rse. 
Specifications when available.) 
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THE PRODtJCTION OF NOISE'AND VIBRATION BY CERTAIN SQUIRREL- 

CAGE INDUCTION MOTORS.* 

By F. T. Chapman, D.Sc., Member. 

(Paper received Zrd April, 1922.) 


Summary. 

(1) A, suggestion is made that the high-pitched notes 

emitted by some induction moSors are due to a side- 
pull arising from an uns 3 nnmetrical field which may 
be produced when certain numbers of rotor slots 
are used. 

(2) A simple case is first considered and the dissymmetry 

shown. 

(3) and (4) The forbes produced are indicated and their 

efiects considered. 

(5) The field is analysed and found to include pairs of 

components, such that in each pair the numbers of 
‘poles difier by two. The interferences between such 
^pairs of fields produce the efiects observed. 

(6) An elementary investigation is made which gives an 

expression for the frequency of the note produced. 

(7) Illustrative examples are considered. 

(8) The principle is extended. 

(9) A more^ general investigation is made. 

(10) A rule is developed for determining what numbers of 

rotor slots should be avoided. 

(11) Some experimental results are given. 


ao 

Induction motors with squirrel-cage rotors usually 
have excellent characteristics as regards efficiency, 
power factor and robustness, while a high starting 
torque is ifot expected of them, in general. The rotor 
is extremely simple, but in spite of this simplicity it 
presents one or two minor, though intricate, prc»blems 
in conneclion with the choice of the number of slots. 
In order to secure a high power factor at full load and 
a large pull-out torque it is desirable to employ a large 
number of slots per pole, say 10 or more, but such a 
rotor may exhibit a tendency to crawl at or about 
certain sub-multiples of synchronous speed, v^. in 
tfie case of a three-phase motor, l/7th, l/13th, etc.^ of 
full speed. This tendency to crawl can be sufficiently 
prevented (a) by adopting suitable fractional-pitch 
windings in the stator, and (&) by skewing the rotor 
slots through one stator slot-pitch. There are cases, 
however, where these remedies cannot be applied and 
where crawling is guarded against by using a. suitably 
chosen number of slots less than the number in the 
stator. Such rotors tave the additional advantage 
that they are cheaper to.construct than those having 
larger nuuib^s^)f slots. 

♦ The Papers Committee invite written communications Mth 
a view to publication in the Joi^nal if approved by the Com¬ 
mittee) on papers published in the Journal without bemg read 
at a meeting. Communications should reacji the Secretary of 
th^ Institution not Jater than one month after pubhcation of the 
paper “So wmch they relate.^ 


Considerable care is necessary in choosihg the number 
of slots in the latter case,, as such rotors are liable to 
be very noisy in starting and on load, they may exhibit 
a tendency to crawl at speeds higher than those men¬ 
tioned above, and they may give rise to serious vibration. 
Experienced designers are fan^lis^ with certain numbers 
of slots which are safe, but, so far as the author Imows, 
the matter has never been very ^ully invesrigated 
nor have any reliable rules been published. Most 
manufacturers have trouble from this source ^rom time 
to time, but direct experimental investigation is not 
possible on account of thp large expense involved in 
testing a sufficiently great number of combinations of 
numbers of poles, and of rotor and stator slots. 
motor which has the defects mentioned may produce 
a f^rly high-pitched musical note at speeds witjun a 
certain range, and the intensity of the sound may 
reach a maximum near the middle of the range. In 
some cases there are several noisy speed-ranges and 
full-load speed may come within one of them, although, 
a motor which is very noisy at one point during th© 
starting period may operate quite quietly at full speed. 
When the maximum effect is felt at some speed during 
the starting period, the vibration may be sufficiently 
severe to introduce a considbrable retarding torque 
due to friction at the bearings and also, perhaps, .to 
the currents induced in the rotor by its peculiar motion 
in the field, and the remaining torque may be zero or 
insufficient to accelerate the machine further. 

These efiects are probably due to unbalanced magnetic 
fields, arising as indicated below, which produce rotating 
forces similar to those caused by mechanical unbalance ; 
the speed of rotation of these forces is much higher 
than that of tlie rotor itself, so that the critical speed 
of the rotor is reached and exceeded even in moderate- 
speed machines. 

( 2 .) 

It is convenient to commence by studying a d^nite, 
simple case and we will consider a rotor with five^^lots 
acted on by a four-pole, sine-shaped rotating field. 
We shall neglect the slot openings and assume that 
the rotor is surrounded by a uniform air-gap. 

Fig. 1 shows the relative positions of ro'0ating field 
and rotor*conductors, at a certain instant. The “te^th 
are numbered and the* arrow indicates the direction 
of motion of the field with respect to the rotor, the 
latter being supposed •at rest. Positive ordinates 
Indicate fiux entering the rotor. It is dear^that all 
the rotor conductors will 4kperieq.ee the same virtual 
E.M.F. and they will, all have the same inductance* and 
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lW,.r^^ *if ^0 PfiaA diflEerence 

ducto^-“ successive con¬ 
ductors IS 47 r /6 = 144». The vector diagram in Fig 2 

^ aafthe fuU Unes 

r^resent the E M.P.s in the rotor conductors. The 

conductor in the 

dot ^tween tootli No. 6 and toath No. 1 . In this 
inv^tigation we shall neglect the resistance of the 

thA*TT M°w’• current will lag 90“ behind 

the E.M.F. in aU^ases. On this assumption the current 
vectors are shown in.Eig. 2 by broken lines 



Fig. 1. 


It is a well-known^proposition that the M.M.P. acting 
on the air-gap oppoSte tooth 6 differs from that acting 
opposite tooth 1 by the; M.M.F. due to the currenf in 
conductor (£f, 1 ); hence, if 0 be the centre of the circum¬ 
scribing-circle in Fig. 3, the vectors [o, 1 ), ( 0 , 2 ), ( 0 , 3 ),- 
etc., will represent the maximum ampere-tums acting 
on the air-gap opposite teeth Nos. 1 , , 2 . 3 , etc., respec- 


1 



Now, the conductors are short-dreuited at each end 
by rings, which rings are not connected together by any 
other path, therefore the sum of the five currents must 
be zero at every instant. This means that the vectors 
representing them must form a closed polygon when 
taken in the same order as the slots. This polygbn is 



tively, to the same scale as (5, 1), ( 1 , 2), etc., represent 
the maximum current per conductor. This follows 
because the vector ( 6 , 1 ) is the difference between the 
vectors ( 0 , 6 ) and ( 0 , 1 ), and because the algebraic 
sum of the instantaneous values of the fluxes in all 
the teeth must be zero at every instant. With'the 
md of Fig. 3 we can draw the stepped curve of 

sf'O'ws the distributidn of 
the field, O 2 . due to the rotor currents at the instant 



Fig. 4. 


drawn in Fig. 3 and is so numbered that the vector 
( 6 , 1 ) repjpsents the current in -die conductor between 
tooth No. 6 and tooth No. 1 , and so on. These rotor 
currents produce a magnetic field which combines with 
the original four-pole field and produces a very irregular 
resultant. <,We shall assume that the effects of satura¬ 
tion and of the slot openings'ean be neglected, and in 
the first place we shall examine the form of the fi»»id 
whi(^ the rotor cursents would produce if they acted 
alone. 


when the flux in tooth I is at its maximum value It 
vnll be seen that a kind of four-pole field is produced 
which satisfies the condition that- the total flux entering 
the rotor is equal to the total flux leaving it. 

f"^® .®i position €f the main flux 

wave at this instant. The curve <^3 which bounds the 
shaded areas IS obtained-by adding together at each 
pomt along the rotor surface the ordinates- of. curves 
and Thd values of the rotor currents and flukes 
have been calculated on the assumption that the end 
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leakage may be neglected. Tbe^ formulae’ employed 
were those given by the author in a paper on The 
Air-gap Field of the Induction Motor/’ *. and they 
indicate that the paaximum height of the stepped curve 
* is 0*757 times the height of the -curve/ * A us^ul 
check on this figure is proyided^by the fact tbat/l since 
the rotor conductors are assumed to haVe no resistance, 
the net flux traversing any tooth must, be* zero at every 
instant, a condition which the crirve Os fulfils. 

( 8 .) 

Now force with Vrhich any element of the rotor 
surface is attracted towards the stator' is proportional 
^to^the square of the flux density-iat that* point. The 
circSLe in Fig. 6 represents the rotor of the previous 
figures, the conductors being shown and the teeth 
numbered^ Outside* the circle radial lines have been 
drawn, the lengths of whi^^h sire proportional to ‘ the 
squares of the resultant densities (<[> 3 ) shown in Fig. 4! 



It is cleai'from this diagram that the rotor experiences a 
resultant force directed radially outwards through the 
centre of slot ( 8 , 4). 

' Fig. 6 has been drawn to show the flux distribution 
1/lOth cycle later when Oi has moved through l/20th 
revolution and the vectors of Figs. 2 and 3 have moved 
through 1 /lOth revolution. The resultant field is similar 
to that of Fig. 4, except that it is moved one slot to the 
right and reversed in sign. If a new figure corresponding 
to Fig. 6 were drawn for this case it would be found 
that the resultant force had the same valufe as’ before, 
but was now directed outwards between tooth No. 4 
and tooth No. 5, hence in 1/lOth cycle its direction has 
turned through l/ 6 th revolution. Further diagrams 
drawn in the same way would show that, the force 
vector makes two revolutions per cycle and therefore 
rotates four tim%s as fast as relatively to the rotor. 

This-unbalanced force tends to bend ihe shait of the 
rotor and under steady, conditions, -Ehe plane of the 
Electrician, 1916, vol. TJ, p. 668. ‘ ^ 


neutral axi^ will rotate at the same speed in space as 
the unbalanced force; this speed is quite different from 
the speed of rotation of the rclior, if any. Theshaft being 
bent, the air-gap is reduced on one side and an increased 
unbalanced magnetic attraction is produced, which is 
added to the original disturbing force, and further, 
since the centre of ^avity of the rotor is whirling with 
the neutral axis in a circle, a centripetal mass-accelera¬ 
tion is required to maintain the motion. Steady motion 
is obtained when the shaft is bent to such an extent 
that the elastic forces set up^by the'bending are;just 
sufficient to balance the magnetic attraction and to 
provide the requisite niass-acceleration. It should be 
noted that such steady xonditions cannot exist while 
the rotational speed of the rotor is changing, because 
the frequency of the forces .brought into play is changing 
continuously. 

' The forces acting on the stator a^id rotor due to 
magnetic unbalance are equal and opposite, and'ithere- 
fore are balanced if the motor is regarded as ,a whole, 
but it is otherwise with the mass-accelerath)p, which 
leads to reactions at the beariffgs that are transmitted 
to the foundations, producing the same effects as regards 



Fig. 6. 


noise and vibration as if the rotor were mechanically 
out of balance and were rotating at the speed at which 
it now whirls. We shall see later that conditions.’may 
exist in a motor which cause the frequency of these 
forces to be that of a high-pitched musical note, and 
therefore comparatively small forces (i.e. small deflec¬ 
tions) will cause a loud noise. It will also be obvious 
from the dynamics of the problem that with a given 
initial disturbing force there will be a certain sjeed of 
rotation of this 4orce at which the deflectiop of the 
shaft becomesunstable and stator and rotor may'^come' 
into contact with one another. From the examples 
given below we shall see that, as the rotor acceleratesi 
the speed of the disturbing force varies over a very 
wide range, and the critical whirling speed to which 
we have just referred (which is practically identical 
with‘the mechanical critical speed) may be included 
within this range; the vyDration may thei be so severe 
4 hat further acceleration, is prevented. Thus we*get 
a crawling speed of a n^w^kind,' which is necessarily 
accompanied by loud, noise and -Vibration. 

The action of the inain, magnetic field under tKbse 
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circumstances is somewhat obscure, since the presence 
of the closed squirrel-cage winding prevents rapid changes 
in the flux distribution, which might otherwise be 
Caused by the whirling. It may be expected, however, 
to flatten out the resonance curve to a considerable 
extent and to damp the whirling. It will be clear that* 
if two motors which are otherwise identical have shafts 
vdth different degrees of stiffness, the one with the more 
rigid shaft i% less likely to give trouble than the other. 
Any looseness in the bearings, between the rotor and 
the shaft or between the stator and its housing,* would 
accentuate the effects here discussed.. It may be 
possible for . a given combination of stator and rotor 
slots to be troublesome in one case and to have litHe 
effect in another. 

( 5 .) 

The method of investigation which has been given 
in SecJtion 2 is tpo laborious for general use, and a 
fur^er ^alysis is necessary in order to establish rules 
to indicate* how these effects may be avoided. 

. A useful light is thrown on the phenomenon if we 
apply Fourier's analysis to the fields shown in Figs, 4 
and 6 . In the paper * referred to above, the author 



Fig, 7. 


where y is the maxirpum density in the air-gap opposite 
any tooth, as determined from such a vector diagram 
as that given in Fig. 3. 

If we consider the case of Section ^2 in which Q ^ h 
and p =s 4, and substitute successively in Equation ( 2 ) 
the following values 'for d, viz. 0 , — 1 , -|^ 1 , — 2 , 
4 “ 2 , etc., we get the following as the eiumbers of poles 
in the series of multiple fields that are present, 

cp = 4, -* 6 , 14, - 16, 24, etc. 

The important point about this series is that it consists 
of a number of pairs of oppositely rotaling*^ fields in 
which the numbers of poles differ by two, thus ( 4 , — 6 ), 
(14, — 16), etc. 

In Fig. 7 the curve ^ 4 ^epresents the difference betw,©en 
Or and the four-pole component of ^ fi^^^ wave which 
inoves, like from right to left; Oe represents the 
six-pole component of O 2 moves from left to right. 
O 7 represents the resultaht of these two fields at a certain 



Pig. 8. 


has shown that if an inducing field having p poles acts 
on a squirrel-cage rotor winding with G conductors 
the fields produced by the rotor * currents can be 
resolved into a series of fields, each of which has cp 
poles, and may rotate in the same direction as the original 
field, or in the opposite direction with respect to the 
totor. The possible values for c form an infinite series 
and the general term is given by the expression 


where d is a,ny positive or negative integer. Those 
fields for which c is negative rotata in the opposite 
rdirecil^ioii to the original field, the others in the same 
direction. The speeds of the fields are such that they 
all produce E.M.F.'s of the same frequency, in phase 
with pne mother, in any rotor conductor; 

Foi?nula ( 1 ) can be written ’ 


cp = 2Qdm\‘p ... . . . ( 2 ) 

The amplitude- of any one pf these fields is equal to 


2G. sin {cp^jZG) 
cprr 

♦ Loc. eiti 


X if 


instant, and the corresponding force diagram is shovm 
in Fig. 8. Figs. 7 and 8 show the characteristic feature 
of the resultant field produced by combining a p-pole 
field with a (p i 2)-pole field, viz. that there is a 
strong zone the centre of which is immediately oppo^te 
to that of a weak zone, which leads to an unbalanced 
magnetic pull. This force can be represented by a 
radial vector rotating about the axis of the rotor. 

If a p-pole field be combined with a (p + »)-pole 
field, where a? = 4, 6, 8, 10, etc., there will be a;/? stroijg 
and xf2 weak zones distributed regularly round the 
periphery of the rotor, and the forces will constitute a 
balanced system. It is only when a? = 2 that unbalan ced 
forces arise. 

( 6 .) 

The speed at which the force vector rotates can be 
determined in the following manner. Suppose we have 
a pi-pole field rotating at revs? per sec., and a p 2 -pole 
field rotating at 712 revs, per sec. If Pz^Pt + 2, 
then interference effects Avill be proQueed as shown 
above. When a crest of the p^-pole field ^incidq? with 
a crest of the p 2 -pole fieldf as shown in Fig. 7 at A and 
!B, the force vector is directed! outwards through the 
corresponding point on the rotor, vi 2 .^.slot (3, 4). We 
will take a movement from right to left as poWvf. At 
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a certain instant, earlier or later^ than that of Fig. 7 
according to the direction of relative motion of the two 
fields, the crests G and D will coincide and the force 
vector will have moved to this new point of coincidence. 
The speed of the field with respect to the 

jpj-pole field is^ {n^ — n^) revs, per sec. Relatively 
to the pi-pole field the force vector will have moved 
from A to C, i.e. through 1 /pith of the circumference, 
while the p 2 field moves through {l/pi — 1 /P 2 )^ 
the circumference, hence the velocity of the force vector 
relative «ijp She Prpole field is greater than the relative 
velocity of the field in the ratio 

J/Pl i (1/Pi - 1^2^ 

therefore the speed of the force vector relative to the 
Pi-pole field is 

llPi 


(ny - Wi) M 


l/5>i - 
— (^2 ~ ^ l )P2 * 
“ PI-Pi 
= H{^2 “ ^^P^A 


1/P2 


... (4) 

Now the speed of the p^-pole field is so that the 
speed of the foi;ce vector in space is 

% + K(% ““ ^i)P2l 
= |[^^2P2 - %(P2 2)] 

= \\n 2 p% — ^iPi) . . . • (5) 

If eitheR of these fields is produced by the direct 
magnetizing effect of the stator currents, its speed is 
known from the relation np — 2 /, where / is the primary 
freg^uency j but if one or both arise from rotor currents 
the speeds must be calculated as foEows. Suppose a 
"P 4 field Is produced by rotor currents which are induced 
By a P 3 stator field, then 

{db)5?4 = + p3 .... (6) 

If the speed of the pi field is and that of the rotor 
Wq, the frequency^'of the rotor currents under-considera¬ 
tion is 


{n3 - no)P372 


(M 


ns must here be given its proper .sign, w'hilst ps is talcen 
as a positive quantity. 

(The difference between a positive and a negative 
frequency is expressed in the difference in phase sequence 
of the currents in the rotor bars. For example, in 
order to produce the same frequency in this senRe, the 
four-pole and six-pole fieldis of Fig. 7 must rotate in 
opposite directions with respect to a five bar rotor, 
whereas if both rotated in the same direction the fre¬ 
quencies of the E.M.F.'s produced would differ in sign.) 

The speed of the p 4 field relative to the rotor is such 
that the frequency of the E.M.F.’s which.it induces 
in the rotor conductors is the .same a^ tlie frequency 
due to the P 3 field, (e. 


(n4 — Wq) X (±) P4 ~ (^8 • 

hence (na — no)P 3 /(±) 3?4 • • 

or, to avoid ambiguity of sign, yre may write • 

-L (^ 8 ^o)P8 

n4-»»o+ 

2GdnQ'+ nzPz 
^ 2Qd + pz 


(^) 

( 8 ) 


(9) 


may be 'wither positive or negative, and when required 
for substitution in Equation Ifi} as or it must 
always be associated with it 3 “proper sign ; on the other 
hand, when P 4 is used in this equation as pi or P 2 * 
must be taken as a positive quantity; the.examples 
given in Section 7 will help to make this point deaf. 

Since the force feting on each dement of the rotor 
surface depends on the total induction density there, 
this method of singling put two componen'te of the field 
and considering them ’‘apart from Jhe rest requires 
some justification ; it explains the phenomena clearly 
and correctly, but it does not constitute a sufi5.ciently 
rigorous treatment of th 6 problem. A more general 
treatment is given in Section 9,- where it is shown that 
an unbalanced force can only arise when there .^e 
component fields with numbers of poles differing 
by two, and that the magnitv^de of this force is propor¬ 
tional to the product of tlie amplitude of these two 
components. 

(7.) 

Some numerical examples will serve to illustrate 
the matter. 

Example (1). A four-pole, 50-penod three-phase motor 
has a sguirrel-cage rotor with 19 slots ; the fifth multiple 
field of this machine has 20 poles and runs backwards at 
a speed which is one-fifth of that of the main field,* i.e. at 
— 5 revs, per sec. —From Equation (2) we see that the 
rotor currents induced by this field produce a series of, 
fields the numbers of poles in which'iaxe 

20 , — 18, 68 , — 66 , and so on, 

a series of pairs of numbers, differing by* two in each 
case. We w;ll consider the first pair in which 

pg == 20 — P 2 , P4 — ^ Pi> — 1 ) 

Case (a). — If the rotor is stationaiyr we have Hq =: 0 

0 - 6 X 20 

yig s= rir 2 = ”T 6 , and ^4 — Hi — _ 

[from Equation (9)] 
n.2P2 = — 6 X 20 = — 100 
n^Pi = -f- 5 X 20 “ H- 100 

hence the speed of the force vector, by Equation ( 6 ), is 


— 100 - 100 


_ 100 revs, per sec. 


Case ( 6 ).—^At synchronism, %= 25 revs, per sec. 
=s no == <»- 5 _ 

- 2 X 19 X 25 - 6 X 20 1050 


n4 == ni == 


- 18 


IS 


henca the speed of the force vector is 

- 5 X 20 — 1 OoO _ _ pgj, QQQ 

2 

This speed corresponds oto a fairly high liusical note^ 
'Between standstill and fuU^speed the force vectoi^will 
probably have passed l^ircfiigh the critical speed of the 

Example ( 2 ). A four-pole, 50-period three-phase motor 
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has a squirreUcage rotor with 29 slots, fhe s&vsnth 
multiple field of this maqfiine has 28 poles and its speed 
is +3*67 revs, pe^ sec, —numbers of poles ip. the 
components of the field set up by the rotor currents 
induced by the seventh stator field are, by Equation (2) 

28, — 30, 86 , — 88 , etc. 

Case (a).—When the rotor is stationary, Wq 0. 

Considering the first pair of fields, we have 

= Pi =* 28 ; P4,^P%^ 20 , 

W 3 = %*= 3*67, 

0 + 3-67 X- 28 , . - ,, 

^4 = ^ 2 ='--, (since d = — 1 ) 

The speed of the force vector is 


and it produces interference effect^, with the main 
fieid of the motor. The force vec^tors corresponding** to 
these two sets of '‘beats” rotate at the same speed, 
but in .general they differ in magnitSxde and in phase, 
and produce a resultant.- If the'frequency of supply 
were 60 periods per sec. and xthe P^otor were running 
with 20 per cent slip, IJie speed of the force vectors 
would be 660 revs, per sec. '. \ ' 

A 26-slot rotor in a/four^pole motojr produces a large 
npmber of other sets of' interfering fields and so has 
a great capacity for producing noise. 

( 9 ,) 

^General Expression for <Tim ,Radial. Forces 
ACTING ON A RoTOR. 


- 3-57 X 28 - 3*67 X*28 

---= — 100 revs, per sec. 

2 ^ 

Case (5).—^At synchronism, no s=s 26 revs, per sec. 

ng = % == 3 *4167 

-68 X 26 + 3-67 X 28 

n4==n2=^— —— - 

1 350 
.30 

The speed of the force vector is 
1 360 — 3-67 x 28 


2 


626 revs, per sec. 


Between standstiU and synchronism there is obviously 
soriie speed of the rotor at which the force vector is 
stationary. This speed can be determined from the 
equations given above, and is 3-46 revs, per sec. The 
magnitude of the forco at this speed, however, is 
extiremely small. 

( 8 .) 

In the two cases considered in Section 7 the rotor 
currents themselves give rise to pairs of fields which 
interfere with one another and produce the magnetic 
” beats ** which cause the rotating side pull, but there 
axe cases of another kind in which a field produced 
by the stator currents interferes with an entirely 
independent one produced by the rotor currents. For 
instance, if a four-pole, three-phase motor has a squirrel- 
cage rotor with 26 slots, the currents induced in the 
rotor bars by the main field will produce a complex 
field with components having 


4, — 46, + S4, etc,, poles. 

-"The 46 field interferes with the 11th multiple field 
of the stator which has 44 poles. If the stator should 
have 24 slots the 11th field would be very important, 
especially if the slots were open rather wide, in ^hich 
case its amplitude at full load might exce^ that of 
the main field. On the other hap.d, the currents induced 
in the rotor wmding by the 11 th stator field produce 
a complex field the components of which have 

44, — 6 , 94, —^ 66 , etc., poles. 

The (•'— 6 )-pole field is the most important of this series; 
its amplitude is. greater than that o^ tlie 44-pole #eld. 


Let the circle of Fig. 9 represent an end view of the 
periphery of a rotor, roupd which a complex field exists. 
In a perfectly general case the ii^iuction density at 



any point P on the surface of the rotor is given by the 
expression 

A sin + a) + J5 sin {29 + 6) + <7 sin (39 + c) ^. . . 

The radial force PQ acting on an element of tfie surface 
measuring 89 tangentially and of unit length axially is 
given by the expression 

.B:S9[Asin (9 + a) +E sin (29 + b) 

+ a sin (39 + c) + . . .]2 

where K is a, numerical coefficient. 

In order to examine to what extent the forces on all 
the elements of the surface are balanced we will resolve 
PQ into its components 

PE ^PQ sine 

s= K[A sin (9 + a) 

+ B sin (29 + 6) + . . sin 989 . (10) 

and 

Pi^^PQcosO, 

sin (9 + a) 

+ B sin (29‘-f- Jb) + . , .]2 cos 9 89 (11) 

Case [a), Pern^eance of air-gap uniform. — K is nqw 
a constant and by integrating expressi6n (13^ between 
9 = 0 and 9 =' 27r we get a value for the unbalanced 
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force in the direction of the 2 /-a^Si^ while the integration 
of^ (14) gives the unbalanced force in the direction of 
the r»-axis. 

These intiggrations furnish a first series of terms 
such as 


K sm® {v6 + n) sin 6 d6 

Jo 

and K sin^ {v9 + n) cos d'dd, respectively 
•^0 


the valu^ of wliich are all zero, and a second series of 
terms such as 

I 2ir 

2MN sin {fi$ + m) . sin {vd + ^ 

) 

and 

p2ir‘‘ 

K 2MN sin {jxd+^) • sin {vB + n)’Cos 6 dB, respectively, 
•^0 

where v is greater tnan ft. 

The first of these becomes 


rZV 

NMK cos [(jtt — v)d + (w — w)] sin 0 

• Jq ... I . 

-Sir . 

- NMKl cos[(/x + v)d + (n + TO)] siaddd 

' .Jo 

which develops into 

« r2ir 

INMK\ sin [0 + ^ - v) 5 + m - n}dd 
Jn 


JiVJlfJlJ^sin [0 - (ft ’ (w - 

p2ir 

sin [d +,[(i + v)e+ n + m}dd 


“ - J 

_f' 


► 2 ir 


+ sin [0 + (/A + v)9 - m -n]d9 

1^- Jo 

Since ft and v are both positive integers and v is greater 
tha n ft, the last three terms are. all. zero. The first term 
is also zero except in the one case where ft = I i 
its value is then 

PR = ttNMK sin (m — n) 

Similarly the cosine component, PS, is 
ttNMK cos (m^ n) 

when V — ft =1, and is zero in all other cases. The 
resultant unbalanced force, FQ, is ttMNK and is inclined 
to the z-axis at an angle (w — n). 

Thus we see that if the actual field can be resolved 
into components two^of which have numbers of poles, 
2ft and 2v, which differ by 2, these two fields will cause 
a resultant iijacflal force to .act on the rotor. In^a per¬ 
fectly general case it is conceivable that there might 
be a number of such pairs dl fields, the effects of which 
might-cancel one another, but in the^ induction motor, 
such^ pai^ only occur in the special circumstances 
investigated above. 


In the i^iduction motor the components of the field 
are rotating at various spee(^s,. and therefore n and 
m are functions of the timer** If we'suppose the ft field 
to be rotating with angular velocity cd^, and the v field 
with angular velocity a> 2 , then 

^7^ =s — ftCD^J + m' 

and 71?*= — vct) 2 ^ + 

hence tw — n = + {vo >2 — 

The instantaneous components of the, unbalanced force 
are 

PR = ttNMK sin [(vct) 2 .— + (wi' — ^0] • (1^) 

and PS = •nNMK cos {vo}^ - ftcoji + (m' - n') (14) 

which indicate a constant force of magnitude propor¬ 
tional to the product of the amp^tudes of the two field^ 
applied to the rotor in a direction which rotates with 
an angular velocity of (vo)^ — radians per ^c. 

Each pair of fields with numbers of poles difiering 
by two will produce such a rotating force, but in the 
practical case the resulting fc 5 >rces differ in magnitude 
and in relative position, and generally they cannot 
cancel ‘one another. 

The speed of the rotating force in revs, per sec. is 
C02 0^1 

and, since v = |P2 smd ft = this expression is 

identical with Equation (6). 

Case (d). Variable permeance, —When the permeance 
of the air-gap varies periodically owing to the presence 
of slot apertures, etc., K is not constant but vanes 
in a regular manner from a maximum to a minimum 
and back again to a maximum. If we suppose the 
effect to be due to the slot openings of the rotor only, 
the permeance will have G maximum and Q mininium 
values. Let us consider G points on the circu^erence 
at each of which the permeance wiU have the same 
value. For each point we shall have a pair of ex- 
pressions such as (13) and (14) above. Takmg 
expression (13) and assuming 0 to be measured from 
one of the O points, we get a senes of 
the sine components of the forces acting at the several 

points, such as 

K\A sina + B&iab+ . ..N sin w .. .f sin 0^80 
k[a sin (Sff/G + o) + -B sin (4w/(? + 6) + • • • 

-H jy sin ( 2 vir/ff -h «) + •••? X W(S) , 80 

etc. 


The {B + l)th expression is 

K[A sin ( 27 rR/(? + a) + B sin ( 47 rB/G + b) + ■•■ ^ 

- 1 - N sin ( 2 v 7 rB/(? + n) + •. • P sm ( 2 irJB/ 0 ). W 

Each-of these G expressions contains si&dax te^s 
to those set out for the (B + l)th. Expandmg the 
(E + l)th expression jwe obtain two senes of term 

such as 

sin2 {ZmBICf -f m). sin (27rE/(?)- S0 • « 0-S) 


sin (2iawB/G‘ + ml. sin 

sin {2‘nBIQ) . oa 


( 16 ) 
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When we add together the expanded expijjBSsions for 
aU the G components, we find that the terms can be 
arranged in two ciasses*^ o# series. Those of the first 
class contain Q terms in or in ... or in . . . 
similar to (15), and in each series B has successive values 
of 0, 1, 2,— 1). Those of the second class contain 
terms in AB, or BG, or . . . MN \ . . similar to (16) in 
which R has the successive values fust mentioned. 

Let us consider a typical series of the first class. 
The general term given in (16) can be further expanded 
to the following mrm 

HutBIQ + ^sin {(2v - 1)27 tB/<? + 2»} 

— J sin {{2v + l)2nRIO + 2rt}] 

from which it is obvious that the sum of the series in 
N2 is zero unless G =^^2^ 4: 1), and that the sum of 



all the series in this class is zero unless there is at least 
one component field for which the number of poles is 
± Another form of this statement would be: 
If a component of the field has p poles and 6?^ = (p 1) 
a side-pull will result from this combination, which is 
obviously true without further explanation. 

Retui^iing now to the series of the second class, the 
general term (16) can be expanded to the following 
form 

^KMN 85 [sin >^(v — fi + l)27rRIG + n^ m} 

— sin l)27rB/G + w — m} 

— sin .Up + fM l)27rBIG + n + m\ 

+ sin {(v + p. - l)2trrBIG + n'+ w}] 

from which tt is clear that the ^um of the series in MN 
is zero unless G == (v ± p, ± 1), and the sum of. all 
the series* of this class wjill fee zero unless G differs by 
unjt^ froth the sum V diS^ence, of the numbers of 
paife of poles in any two of the component fields. 


The significance of #this condition is not very obvious 
and an example will help to make it dear. Suppose "^e 
have a field pf four poles (/u = 2) with a fifth multiple 
of 20 poles (v = 10), and suppose that G — 9(=v—1). 
For the sake of simplicity we will assume that both 
fields have the same amplitude, so that the flux density 
at the (R + l)th point will be proporfional to 

sin 2nB/G + sin lOirRIG 

The full-line vectors in Fig. 10 represent ,the squares 
of the nine values of this quantity and cle^Crlydndicate 
the presence of a resultant side-pull. The dotted 
vectors in the same figure show the values of the same 
quantities at pointsft* midway between the G points 
already considered; these have been drawn on the 
assumption that the permeance at the second set of 
points is one-ttalf that at the first'-set. Thertwo sets 
of forces evidently produce** a resultant which would 
not have been present if the pepneance had been 
uniform. If other intermediate sets *‘of points are 
considered it will be seen that a resultant side-pull 
must be produced unless the permeance at all points 
separated by 1/2G^ of the circumference of the rotor 
is the same 

Returning to the expressions for the cosine terms 
corresponding to (16) and (16), we find that they can 
be expanded to 

iKN^Bd [cos iirSfQ - J cos {{ 21 ^ + l)2i7i?/® + 2n} 

- i cos {(2v - l)2wJB/G< + 2»i}] 

and 

^KMN 80 [cos ■{(v — /jt + l)27rRlG + n — 

cos /(v — /u — l)27rR/(? + n — 

— cos {(v -h ft- + \)27rBIG + 

— cos \{v + ft- — \)2itBIG + n -f m/Jj 

Taking first the case of = 2i^ + I, the components 
of the resultant force are 

- IUkN^ 80 . sin 2n, and - ^GKN^ 80 .xos 2n, 
respectively. 

If the field is moving with respect to the rotor with 
velocity + co we can write 

w = — vo}t + n' 

whence we see that the resultant force vector rotates 
with velocity — 2i'£o with respect to the rotor. On the 
other hand, when (? === 2v — 1 the velocity of the 
resultant force vector is +. 2vw with respect to 
the rotor. 

When 0^ =: (v — ft + 1) the resultant sine and cosine 
components are . 

\GKMN 80 . sin (n - m) and \GkMNhB . cos (n - m). 
Writing 

m = — po>^ + w' and n = — vco^t + n' 

jwhere and measured with respect to'thd rotqr, 

we see that the speed of the resultant force vector«with 
respect to the rotor is {pcoi — vaj 2 )\ 
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In the same way we find that 

when = V - a - 1 the speed is - {/xcoi -- va)^) 
when a = V + + 1 the speed is + + ^^ 2 ) 

and when + speed is - { 1^1 + ^ 2 ) ‘ 

In all these cases it will be found that the speed of 
the force vector in space is On^ — 2 /, where no is the 
speed of the rotor in revs, per sec., and/is the frequency 

The^fiect of staggering the rotor slots tlirough one 
slot-pitch is\to make constant the average pennea^nce 
along any^Une on the circumference drawn parallel to 
the axis, and therefore if we consider only the resultant 
^f thd radial forces across sticlv a^ine these resultante 
will always be in equilibrium, so far as the effects 
considered under Case ( 6 ) are concerned, but the radial 
force is not uniformly distributed along such a line, 
and if G has one of the values referred to ab^ve ^e 
forces may be greatest in the middle and least at tiie 
eiids of one aipial Hne, and least in the imd^e ^d 
greatest at tlie ends of a diametrically opposite line. 
Thus there may still be a rotating bending moment 
acting on the rotor wliich may conceivably produce 
appreciable effects on a long rotor. 

( 10 .) 

We must now see what rules can be deduced to enable 
us to choose numbers of slots for squirrel-cage rotors 
which will Woid thdse troubles. 

(1) To avoid the effects of interference between petas 
with numbers of poles differing by two. In a three-p ^e 
mofor the numbers of poles in the component stator 
fields are p, bp, Ip, Up, etc., or, generally { 6 dl ± i)P, 
aiid in a single-phase or two-phase motor they are 
P, 3p,-. bp, Ipl 9p, etc., or, generally, (4d ± l)p. 

Therefore for a three-piiase motor, by Equation 
we must have 

Ifidi ± l^p ib 2 96 2Gd + ( 6^2 rt 1 ) 2 ^ 

di a?id ^2 being positive integers. This redupes to 
Gd ^ pdz^ 1, where ^3 is a positive or negative integer, 
and since d = - 1 is the only case of practical importance 
we finally obtain Gi^pdz±h i-©- the number of slots m 
the rotor must not differ by unity from any multiple of the 
number of poles for which the stator is wound. For 
single- and two-phase motors we get the same result. In 
the case of a four-pole machine, for instance, the'^rotor 
must not have an odd number of slots. 

(2) In Case (&) of Section 9 we have seen that we 
should not have = 2 v ± 1 , nor = v ± p- ± 1 * 

For three-phase motors, therefore, we must have 

G^p{bdi±l) ± 1 

and G ^ i 1) i ( 6^2 i 1)] i ^ 

Both of these conditiDns are included in the general 
condition in Case (1) and the same is true for single- 
and two-phase giotors ; thus if the number of rotor slots 
is chosen Hhat it does not differ by unity from any 
multiple of the number of pQles, noise arising from all 
the causes considered in this paper will be avoided. 

The results of an investigation have -been published 
♦ StiA : Zedschrift des Vereines deutscher Ingenieute, 1921, 
vol. 66, p. 147, 


recently in svhich a fouf-pole. 24.slot 

with several rotors having different 

Without exception the rotqfs’ vnth. odd 

slots were noisy, whilst those with even numbers were 

(U.) 

In order to obtain some experimental confirmation 
of the foregoing theory the following measurements 
hav. out by W G. Sp« 1 gi: 

E. L. Sainsbnry at Woolwich Polytechiiic. The m^hme 
employed in the experiment^ was ^ 

60-period, three-phase motor by a jeU-too^ BntiJ 

maker. The squirrel-cage- rotor had 41 slote. skew^ 

through one slot-pitch, and the stator had a 

Sg in 64 slots. During the starting tins 

machine ran quite silently at 1 ^ speeds ^d ^o at 

full speed, but when supplief^ T*Sd?^of 

definite musical note was emitted 

600 and 760 r.p.m., and.it may 

speed of the rotating side-pull “““d®s ^ 

speed of the rotor at about the middle of ^jhis r^ge. 

machine was very rigidly :constructed and cons^ 
quently the note was so faint as to be negligible fro 
a commercial point of view, though it was clear enough 

for experimental purposes. /? =- 41 

For this machine, since p — C, we ha 
= 7 p - 1 , a number which should be avoided, according 

"°lfwe?ontider the action of the 7ih multiple fidd on 
this rotor we have ^ 2 . and the possible values 

of P4 a = (2 X 41 X d) -h 42 

substituting successively 0 , - 1 . + V "i' for 

for d, we obtain the fiS 

42— 40 -1- 124, — 122, etc. The 42-poie neia 

moduced by the rotor currents (»mbin^ wi^ tte 

also produce a rotating side-pim. a„ri « as the 

TaMng / as the frequency of supply and »o ^ 

speed of the rotor we have 


n, ■ 


P3 = P2 = 42; 2>4 = Pi = ^0 

2 

“6^7 42 

i.e. one-seventh of the speed of the main field, and. 
since d = — 1 » 

— 82nQ + ^3 X 42 j., ^ 

= =^40 ^ 


714 


— 82no + 2/ 
- 40 


= ni 

Since na = nj. the speed qf the force vector fbyEqn. ( 6 )] 

^ J( 42 n 3 - 40n}) = 2 / - 41no 

We are not concerned with the direction of this rotation. 
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and in order to deal with a positive quantity we may 
write for the frequency of the note emitted 

417^0 - 2 / . 

For the other two fields, with 122 and 124 -poles 
respectively, the speeds must be calculated as for 
^4 above. 

The speed of the 122-pole field is (d being — 2 ) 
16472rn -J- 2f 

while that of the 124-pole field is {d being -|- 1 ) 

82^0 -|- 2 / 

—124 

The speed of the fqjce vector in this case is 
1(124^2 - 122ni) 

= “ 41»q -j- 2/, as before 

The pitih of the loudest note emitted by the machine 
was rather lower than 384 per sec., but for convenience 
this pitch w^ taken as standard during the.experiments, 
and a tuning-fork was used as a kandard of reference. 
Power^. was supplied to the motor at several difierent 
frequencies between 0 and 60 periods per sec., and at each 
frequency the speed was observed at which the note 
emitted coincided with, that of the tuniiig-fork. Tlie 
points marked in Fig. 11 show the actual readings 
obtained, and the line drawn amongst them represents 
41% — 2/. It will be seen,that substantial agreement 
has been obtained. There are two points on the extreme 
left of the figure'for yvhich it does not seem possible 
•to account on the basis of the theory• here given, 

The faintness of.the note emitted by this macMne 
is due to the fact that the slots were skewed, and the 
effect would have been eliminated entirely if -the 


obliquity had been sj^ch ffchat the slot openings extended 
across two slot-pitches instead of one, though "thi^ is 
scarcely practicable and, in the present case, is quite 
unnecessary. 

' Considerable difficulties had to be overcome in order 
to obtain the results shown in Fig. 11, and the autlior 



wishes 'to express his indebtedness to Messrs. Spencer 
and Sainsbury for the care and trouble which 'they 
took in nialdiig the experiments. It was hoped to sho'^^ 
that the critical speed of .the rotor was''in the neigk^- 
bourhood of 384 revs, per sec. In thiSf'«ihowevcr, we 
have not yet been successful, and further experinr^nts 
are in progress. 
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AN ELECTRICAL TIMING. DEVICE FOR SHORT INTERVALS. 


By Professor David Robertson, D.Sc., Member, and Norman F, Frome, B.Sc., Student. 


{Paper received 21s^ April, 1922.) 


Summary. 

The paper*describes a timing device consisting of an 
inductive TesuUance in a Wheatstone bridge. The theory of 
s given and an example of its application. 


General DESCRTiPTroN. 

This arrangement was devised with a view to its 
applicatioij. to an industrial purpose, but doubts as to 
the suitability of delicate'•relays under works condi¬ 
tions soon caused it to be abandoned for that particular 
object. As, ho’\yevd!r, there are useS for it in the labora¬ 
tory, and it can be easiiy made up from apparatus 
which is usually in stock in an electrical laboratory, 
i-e is thought that a description may be of interest. 

A Wheatstone bridge is made up with three non- 
inductive arms and one highly inductive arm, as in 
Fig. 1. When the slider is at C, the point of balance 



Fig. 1.,—^onne^ctions of inductive timing device. I 

for s^ady conditions, there will be, on switching on 
the current, a momentary deflection indicating that 
the slider should be moved to the left. Now place the 
slider at H, to the left of Q. Immediately after switching 
on, and before the current in the inductive branch 
has reached an appreciable value, the inductance will 
absorb practically the whole voltage. Thus D and A 
will be very nearly at the same potential an^ the 
galvanometer current will flow from D to H. Later 
on, however, the current will flow from H to D. Thus, 
the galvanometer current will reverse at a particular 
instant in the growth of the current in the upper arms, 
and this instant can be varied by adjusting the position 
of H. 

If, instead of the galvanometer, a polarized relay 
be employed, the first current will deflect the tongue 
against one stop and the second current against the 
other. By suitable connections, these movements 
can be made ^to close or open an electrical circuit«»f or a 

♦ TKe Papers Committee invite -written communications ^th 
a view to publication in the Journal if approved by the Com¬ 
mittee) pn napers published in the Journal wittiout being read 
at a meeting. Communications should reach the Secretary of 
the Institutifin not 4ater than one month after publication of the 
paper to which they relate. 
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definite interval of time, and this secoiidary circuit 
may be utilized to control any required operation. By 
adding' other relays, connected to different positions of 
H, several operations can be obtained in a definite 
timed sequence. 

In the experiments referred to below, R was a 1-ohm 
coil, AC a 1-ohm slide-wire, while R and X had resist¬ 
ances of 6*44 ohms. X had ^ inductance of about 

I • 56 henrys (it is not quite ifltiependent of the current 
used) and thus the time-constant of the R-X circuit 
was 0-209 second. 

The core of the reactor, X, is a rectangle 4 i^X 6 in., 
with a wrindow 2 in. X 3 in., ;nade from f^-shaped 
Stalloy stampings about 16 mils thick. There ^e 
140 sheets in each packet, ^ving a gross depth of 2 • 25 in. 
and a. net depth of about 2-0 in. A press-spahn sheet 

II mils thick was inserted between the two packets' 
at each joint so as to give a definite gap. The effective 
length of the gap is considerably greater, owing to the 
unevenness of the edges of the sheets, and to the presence 
of varnish. The measured inductance corresponds to 
an effective gap length of 19 mils at each side. 

The magnetic path in the iron is 13 in., or say 360 
times the effective length of the two gaps. This is 
somewhat on the high side, but the magnetism left on 
switching off is still under 5 per cent of the maximum. 

The packets of stampings are inserted into two coils 
joined in series. Each coil has 480^tums in 10 layem, 
the wire being 20 S.'W.G. copper having a diameter of 
36 mils bare, and 60 mils over the cotton insulation. 

Each gap in the magnetic circuit comes at the centre 
of a coil. With this arrangement there is little magnetic 
leakage and the inductance can be calculated with an 
accuracy practically equal to that with which the gap can 
be measured. 

Current was obtained from a 4-volt storage battery: 
The current in the reactor would thus be just over 
^ ampere, giving a flux density in the iron of^about 
7 000 C.G.S. units. 

Standard Post Office polarized relays were used for 
the tests, the two 100-ohm coils being in parallel, 
giving a resistance of 60 ohms. They operated with a 
minimum current of 2*6 to 6 milliamperes, ot 1^ to 
260 millivoits, according to the adjustment. At first 
they gave some trouble owing to the vibration of the 
table when the main switch was put on, but this was 
elimin^Lted by supporting the relays on felt pads, or 
on a separate table. 

Theory. 

At the initial instant the electrombtive force 
induced in X, is equal to E, the battery E.M.F., but 
it decays, according to 1Jie 4aw 

Ex,^ E X where 
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For simplicity, we shall assume that ^e battery 
resistance and the galvanometer current are negligible, 
that we need* not fabe account of the effect of the 
inductance of the galvanometer branch. 

Then, at the instant of the reversal of the galvano¬ 
meter current, H and D are at the same potential. 
Consequently, 

JRIi = ajJg or = J2 X 

and -j- ^ (a -J- 6 — ^*0^2 

(a+ a!)l2 - {xXIR)l2 

= (a -f- 6 — a? — xXIR)l2 
= (a + 6 — 'a? — xb[a)BI{a + 6 ) 

Ezl^ = ^a{a + 6) — x(a + 6)}* -h a(a + 6) 
= (a — x)la 

Hence, e—= (a — ^Ja 

or. (y/To) log€^= loga/(a - x) 

57 To X log a/(a — a?) -r log e 

This gives the following values for the ratio T/Tq :— 

a/a.. 0 0‘1 0*2 0*3 0*4 

T/To .. 0 0*106 0*223 0*367 0*611 

Calibration. 

Owing to the various disturbing causes mentioned 
below, the scale cannot be calculated from the con¬ 
stants of the apparatus; it must be calibrated. For 
this purpose, the duration of the contact in the operated 
position of the relay was measured by the method 



Fig. 2.—Calibration curve of inductive timing device. 


of charging a condenser through a high resistance, 
using the relay as a charge-aird-discharge switch with 
the bias in#the discharge position, and the first current 
sei\ding it to the charge p<^ition. A knowledge of 
the resistance in the chargii^ circuit, and of the capacity 
of the condenser, enables the duration of the contact to 
ber calculated from the ratio of the ballistic deflection 


to that obtained o^ discharging the condenser after 
it has been completely charged. For 

Q = Qoil - 

where Tq is now equal^to OR, Hence., 

T = To log QoKQq — Q) log € 

In the experiments, R was 200 000 ohms and G 
1 microfarad, so that Tq was 0*2 second. 

As will be seen from the graph in Fig. 2 r the^ duration 
of the contact differs very considerably froi» ^he value 
calculated from the constants of the reactor. There 
are several causes for this besides the mechanical inertia 
of the tongue of thS rdlay. Its low voltage-sensibjiity 
leads to a considerable delay in its operation, which is 
enhanced by the effects of the inductance of the relay 
coils and by tlie eddy currents in the relay core. More¬ 
over, with the high ratio of iron length to gap length 
in the core of the»reactor, combined with the copi- 
paratively high flux density<^to which it was necessary 
to run it in order to get reasonable sensibility in the 

0*6 0*6 0*7 0*8 0*9 0*96 1*0 

0*694 0*917 1*206 1*610 2*303 S*000 00 

relays, the inductance varied nearly 6 per cent between 
the maximum value and that with the steady current, 
while the initial value was about 10 times * smaller. 
Consequently the growth of the current would depart 
appreciably from the simple exponential law obtained 
by assuming constant inductance. 

Considerable care is required to adjust the relay to 
the most sensitive setting, and the reg,ding obtained 
for any given position of the slider varies greatly wiSi 
this adjustment. On the other hand, wrQi one setting 
of the relay, the readings can be repeated over and over 
again with good accuracy so long as the slider is not too 
near either end of the scale, where tfie voltage available 
for operating the relay is too small for certain ai^^tion. 
Also, ^t has been found possible after altering the relay 
to bring it back again to the former setting by adjust¬ 
ing it to give the same deflection at some one point of 
the scale; the calibration curve will then be the same 
as before. 

Example of the Use of the Device. 

The apparatus was employed for calibrating the scale 
of an electrical chronometer which was made in the 
laboratory a number of years ago.* This chronometer 
was adapted from a Westinghouse type “ O ampere- 
hour meter by removing the shunt and inserting a 
series resistance adjusted so that the rotor makes 
approximately one revolution per second when run 
on a 4-volt battery. A scale of IftO divisions was marked 
round the rotor disc to give hundredths of a second, 
and a scale of seconds on a toothed wlfteel gearing with 
the pinion on the rotor spindle. 

The instrument has a disc armature with an open- 
coil winding and a three-part commutator, the windings 
being enclosed in a double disc of aluminium" which also 

* D. Robertson : Journal IR,E.^ 1916, vol. .65, p. 3 f 4 . 
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acts as a brake. Two permanent *iiiagiiets serve both 
as ^jiotor magnets and as brake magnets. 

It was suspected that owing to the action of the 



Fig. 3.—Oilibration oi scale of an electrical chronometer. 


commutator th^re Inight be sufffcient variation of 
torque in one revolution to make the reading obtained 
with a short interval of time depend on the initial 
position of the rotor. 


The indu-jtive device was therefore connected to 
start and stop the chronometer the disc of the latter 
being previously set to some particular position which 
was varied from time to time. Fig. 3 gives the results 
and shows unmistakably that the suspected effect does 
exist, although not to a serious extent. The six peaks 
on the upper graph,^ taken with the wheel out of gear, 
correspond to the six positions in one revolution in 
which the relative positions of brushes and segments 
are the same, three occurring at eacl^ brush. 

The lower graphs, representing two tests with the 
wheel in gear, show in addition a variation of friction 
caused by eccentricity Of the pinion. Differences 
between one of these curves and another may similarly 
be caused by eccentricity or irregularity in the gear 
wheel, and discrepancies in the same graph may also 
be due to the same cause if cnre is not taken to have 
the same teeth of the wheel in mesh nt the separate 
trials for each point on the curve. 

In conclusion, the authors desire to express their 
thanks to the governors of the Merchant Venturers* 
Technical College for the facilities for carrying out this 
work. 
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THE ENGINEER AND MANUFACTURING COSTS. 

e 

By F. C. Lawrence, M.C., B.Sc.Tech., Student. 

(ABSTRA.CT of papey yead before the North-Western Students’ Centre, 6th December, 1921.) 


Summary. 

The phases* of costing discussed in the paper are those 
which will be of most interest and use to engineers in shops 
and offices. 

An example of the methods of calculating job costs is 
given, the proportions of the components of the factory 
costs of various engi||jeering products are illustrated, and 
the use of mechanical alliances in various calculations is 
shown to give accuracy and save time in arriving at costs. 

Tne functions* of a work-in-progress ** account are 
described in terms, translated from accountancy to their 
shop ^Tiivalents, showing the actual connection between 
such ah account and Ifce production of a department. 

The effect of inaccuracy, which may so easily occur in 
shop records, is traced through costs to show the delay and 
unreliability caused thereby; and the necessity of avoiding 
this inaccuracy is emphasized. 

The analysis of the costs of completed jobs gives informa¬ 
tion which is useful to those engaged in all branches of the 
industry, and a detailed example of such an analysis is 
given and described. 

As an example of the very many practical services given 
by a cost department, the relation between the rate of 
production and the proportion of factory overhead expenses 
in factory cost is cited. 


Il*TRODUCTION, 

In presenting -this paper it has been the author's 
aim to show those aspects of the subject which will 
enable the engineer to appreciate, first the dependence 
of costing on his efforts to ensure correct data being 
sent from the shops and offices to the cost department, 
and secondly, the value of the facts and figures which, 
based upon that data, the cost department is able to 
give to him and to tlie other members of the factory 
administrative and executive staffs. 

In this abstract it has been thought advisable to 
delete the introduction to the elements of costing which 
was embodied in the original paper, and to retain as 
fully as possible the explanations of the source of the 
figures as finally presented by the cost department, 
and their value to those concerned.* 

Whifst a knowledge of the first principles of costing 
is, therefore, assumed, it has been found necessary to 
include a figure showing of what the factory cost is 
composed and determining this terminology used -yirough- 
ont-the paper. 

One of the most important factors in satisfactory 
costing lies in the collectioif and distribution of the 
factory overhead expenses to departments and to jobs, a 
subject which should be of especial interest to engineejs. 

Only the general nietll^od (which is considered by 
most engineering jflbrms to ^be best) of distiibu.ting the* 
^'xpenses to jobs in the shops,* i.e. the machine-hour 


rate, is indicated in the paper. By the use of this 
method, for every hour worked on a i&afKine in the 
shop there is added to the cost of the job an amount 
equal to the rating of that machine, and by this means 
the whole of the factory overhead expense shouhi be 
absorbed by the production of the shops. 

Hand labour is classified as a machine group, with 
its own distinctive rate. 

The Grooting of Machine Toots. 

To arrive at machine-hour rates for the distribution 
of factory overhead expenses, an analysis is made of 
each item of these expenses so as to divide it amongst the 
groups of machine tools in a department. From this 
are determined the total factory Werhead expenses 
attributable to each group. From the records of the 
machine tools, the working space occupied, the power 
consumption, the original value and depreciation, 
the consumption of tools, and any parti#?ular expense 
items, the group into which each one will fall can be 
determined. 

The group number is copaposed of two figures^ and is 
the number noted by the worker on his job ticket. 
The tens indicate the machine-hour rate and the units 
the type of machine tool. A practical example is ^ve 
in Table 1, from which it is seen thaf "Group* 24 may 
contain a number of 6 ft. radial drills rated 5s. 6d. 
per hour, while Group 78 covers 10 ft. planers at 9s. 
per hour. 

Certain machine tools are not engaged oiV) direct 
macSiine labour, and the cost of running and maintain¬ 
ing them is charged to factory overhead expenses, so 
that ♦they do not themselves carry a machine-hour 
rate. 

An Example of Factory Cost. 

The manufacture of a large induction motor has 
been selected as an example and it is proposed to show 
details in the procedure of arriving at its cost in the 
section of the cost department, dealing with the costs 
of the motor assembly department of the factory. 

The motor is manufactured on ofder No. 7106, and 
during the period of manufacture in the shops, job tickets, 
in large numbers, will be made out for work done on 
this order, and each will bear this number. Some 
will come from the foundry, ‘the forge, the punching 
department, the coil-winding department and other 
feeder departments, but such tickets^Vill be dealt with 
by \he feeder department cost sections, ^or they will 
receive them with the material requisitions from the 
motor assembly departments. They wj^U fiost the 
various mat^als ordered from thei^r departments* and 
deliver to tile motor cost section the requisifions on 
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which the complete cost of their supplies will be given, 
showing in each case the labour, material and factory 
over&ead expenses, and the total (i.e. fartory cost), 
so that for any transfer in the shop from <?ne depart- 


hahcvix 


Material 



•Direct la330UT 
Direct material 


vPriTiie cost 


^Indirect lal>aur 'v 
►Indirect material 

expenses 

chygei y ^ Annual cliarges ^ 

The synthesis of factory cost. 


Tactory 

cost 


metit to another of finished or part-finished goods, there 
V?ill»be’a corresponding transfer Jh cost department 
of a requisition showing the cost. 

If in making out the specification of material on 
any job for the shops, the specification clerk has an 


on these sheets the cost of each specified item, knowing, 
if he has a Requisition or job ticket which does not 
agree with any item in the sgpclS&cation, either that it 
has been wrongly entered in the shops or that the 
specification has been altered, which causes he can at 
once investigate. If he has shop records showing more 
than the specified quantities in any item, some previous 
part h ag been scrapped or returned for alteration (which 
scrapping or alteration should have been notified to 
him by the shops on a suitable form) and again he can 
trace thyp omission to its source and discover the true 
facts. 

The cost clerk will receive weekly from the time¬ 
keeping department the whole of the week’s job tickets 
for his section, after they have been used to complete 
the employee’s wages. He will receive from the stores 
the whole of the requisitions,^•vijth the costs entered 
on them from their records, and'^e will receive from other 


Table 1. 


Grouping of Machine Tools. 


Sub ^ 



Factory overhead macbiue group numbers 




group 

uumbets 

tools 

10 

20 

80 

40 

60 

60 

70 

1 

2 

Centring 

Vertical boring 



60 in. to 80 in. 

Nos. 10 and 8 

10 ft. to 12 ft, 

16 ft. 

— 


mills 



3| in. dia. bar 





3 

Horizontal bor- 


1 20 ill. vertical I 





4 

6 

6 

ing mills 
Drilling 

Surface grinders 
Lathes « 

Hand 

labour, and 
. hydraulic 
■■presses and^ 

< 6 ft. radial > 
3 ft. spindle j 

20 in. to 42 in. 
engine 

17 ft. to 19 ft. 
radial 

63 in. engine 

— 

72 in. engine 

— 

— 


Milling 

bending 


24 in, hori- 

42 in. slab 

— 

— 

— 

7 

machines 


zontal slabs 



7 ft. 

10 ft. 

8 

9 

Planing 

Miscellaneous 

(hand) 

2 ft. to 3 ft. 

4 ft. to 6 ft. 

6 ft. 

— 


16 in. slotting 

Portable 60 in. 

— 

— 

_ 




and shaping. 

planer 







J 

No. 6 keyway 








cutter 







Machine-hour 

rate 

Is. 6d. 

2s. 6d. 

3s. 

4s. 

5s. 

7s. 6d. 

9s. 


«xtra copy of the specification made which he for’^^ards 
to the cost clerk concerned, then the latter will a.t once 
have before him, in costing the job, the full particulars 
.as to tlie size, quality, quantity and raw material of 
■each item of the finished machinery or app^atus. 

Now, each item is designated on the specification by 
its drawing number, item number, pattern number 
and style number, or by whichever of these is desirable. 
•The worker in the sli»ps marks these numbers clearly 
in the spaces provided on his job ticket, so that it will 
be seen to be i 3 bt a very difficult process to connect 
.precisely the*job ticket representing any labour ih the 
shops with the materials specified, so that if the original 
specification sheets are provided with columns for 
labour, material^ .and factory overhead expenses for 
the usfe of the cost department, the cost clerk can collect 


costing sections the inter-departmental requisitions. 
His first duty is to sort these under their job number, 
and he will select the whole of the records booked 
to this number. From the job tickets he will make a 
list of the hours worked and the money paid td^wofkers 
in each machine-hour group, as shown on the left- 
hand side of Table 2. 

The amounts shown on the requisitions wiU be posted 
on to Sie specification against the corresponding items, 
and the totals of labour, material and overhead expenses 
will be posted on to •the summary sheet of Job 
No. 7106 against the date. 

Each week this procedure will be adopted, from the 
3 .ate when the specifications are received by Jhe cost 
clerk to a convenient date after he has received the 
warehouse receipt, which 1 :ells him that the motor.%is 
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completed and ready for shipment. The convenient 
date is a few days after the reception o:f this receipt, 
thus leaving time.for*tlfe ]^st few job tickets and requisi- 

Table 2. 

Abstract of Labour and Factory Overhead Expenses» 


Abstract of the Labour and Overhead Costs on 
Job No, 7106. Week ending 10/1/23. 


„ ^ -- - 


LaI>our 

• 

. Factory ove^ead 

Group No. 

Hours 

Wages cost 

Rate 

Cost 



£ s. d. 

s. d. 

£ 8. d. 

10 

62J 

6 0 7 

1 6 

3 18 9 

20 

4 

«:0 9 2 

2 6 

0 10 0 

30 

5 

(fl4 1 

3 0 

0 16 0 

4k0 

m 

— 

4 0 


60 

t 

0 7 6 

6 0 

0 16 0 

60^ 

8 

1 0 6 

7 6 

3 0 0 

70* 

} 


# — 

A 

9 0 


Totals ., 

72J 

7 H 9 

— 

8 18 9 


tiors to reach him. He can ther arrive at the total 
inures of labour, material and overhead expenses and 
the total factory cost of the motor. 


Foundry Costs. 

The^ description given of costing methods to be 
used in engineering works has been made as simple 


costing methods. The metal at the cupola spout may 
best be costed at so much per pound, whilst the labour iii 
the other sections may, in some cases, be booked to jobs, 
and in others to processes. The factory overhead expenses 
need different treatment in the various sections. Th 6 
costs of individual c£stings may aU be determined at 
the end of a month, or predetermiaed costs may be 
used throughout the month and an adjustment made 
at the end of the month. In addition to making castings 
for the assembly departments, the foundry casts its 
own equipment. AU these and other, points need 
attention, and it is only by a thorough appreciation of 
them that the true foundry costs can be found. 


Percentage Composition of Factory Costs. 

In order th^t the relative import^ce of thqcomponent 
parts of factory costs may be appreciated. Table 3 
has been prepared to Show, for a few departments in 
a typical electrical engineering firm, the percentage 
composition of its costs. ' 

^ The question of the standardization of costing methods 
is here involved. Some firms may include certain 
material and labour costs as factory overhead expenses, 
while others may regard them as direct material and direct 
labour costs ; for the border line between prime costs 
and overhead expenses is not sufficiently distinct to 
form a universal division. 

The figures in the table given ^must thejrefore be re¬ 
garded merely as indicative of the proportions. It wiU be 
seen that the assembly departments have, in general, a 
larger percentage of direct labour and overhead expenses 
than the feeder departments, because the figures given 
for them include the labour and overhead expenses 


Table 3. 


Percentage Composition of Overall Departmental Factory Costs. 


Departments 

Direct la^ur 

Factory 

overhead 

Material 

Labour in 
factory 
overhead, i,e. 
indirect labour 

Total labour 

Assembly. 

A—Manufacturing rotary converters, alternators and 
motors 

B^^anufacturing large electrical transformers . 
Feeder. 

C—^Winding and insulating coils 

B—Manufacturing sheet punchings .. 

E—Fprge. .. 

F-^!5oundry .... 

per cent 

26 

19 

18 

13 

16 

36 

per cent 

27 

22 

12 

21 

27 

31 

per cent 

47 

59 

70 

66 

67 

34 

per cent 

20 

12 

10 

12 

11 

22 

per cent 

46 

31 

28 

26 

27 

67 


as^:^ssible. In actual practice the cost accountani 
conidnuaUy meeting problems of no smaU magnitu 
The costing of the products of a foundry requi 
very caref^lj^andling. Arbitrary values are too of 1 
used in distributing the cos 1 », thus leading to wre 
results., An iron foundfy is naturally divided into 
least four parts--.the melfing; moulding, cole-maki 
and dressmg sections—each “of which calk for diffen 


transferred from the feeder .departments in part- 
finished goods. ^ 

^ The varying ratio of overhead to direct labour expenses 
IS nftxked; for the forge it is nearly l7(i per cent, 
while for the coil-manwfacturing department" it is 
only 66 | per cent. 

The aimual charges are, on an average, about lO^er 
cent of the factory overhead expenses. 
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Such figures as the above provi? to be very useful 
in many statistical surveys. 

The U^e of Calculating Machines. 

The processes of costing entail a great amount of 
sorting of documents and compifation of figures which, 
if performed by hand, would become not only tedious 
to the clerks involved but expensive to the firm. For 
this reason many machines have been called to the 
service of cost systems, and by their means the speed 
and accuracyAvith which cost returns are presented have 
been greatly mcreased, while the work of a cost clerk 
has lost much of its tedium. 

The-Burroughs adding machine is one of the smaller 
^ypbs ' arranged for adding s\infe of money. The 
Comptometer, another portable machine, does not make 
a record of the amounts but shows the increasing sum 
on a series of counters of .cyclometer type. 


and operation. Their lise is restricted to the larger 
firms, as the expenses of rent {they cannot be purchased^ 
and of maintenance make it necessary that they should 
be in constant use in order to be economical. 

To arrive only at the total cost of orders, the totals 
of labour and materials costs are needed. To analyse 
costs, as will be seen later, much detail is required 
which should not prematurely be called for. 

Work Progress. 

A mftst important function of the host department 
and one which is of great help fo engineer^ in the shops, 
is the provision of statements at stated interveds of 
the work in progress in the shops. 

Wliile work is being fashioned in the shops into the 
products of the factory, it represents portions of the 
j invested capital of the firm. obvious that money 

1 is made by the turning over of capital, which in turn 


Table 4. 


Statement of Wofh in Progress. 


{A) Assembly Department. Comparative Statemen 

Charges. 

(1) Work in progress at beginning of month (brought forward) 

(2) Direct wages (from the shop pay-roll) 

(3) Factory overhead absorbed .. 

(4) Good^ received^ from other departments 
(6) Direct raw and finished materials .. 

(6) Engineering and draughting salaries, etc. 


(iy Total charges 


‘ Credits. 

(8) Deliveries to warehouse and other departments .. 

(9^ hoods for own uses. • • . 

(10) Goods shipped direct from outside suppliers .. 

(11) TotaVcredits'* . . 

(12) '*Work in progress at end of month carried,, to next month 

(13) Avey^age monthly output for last six months 

(14) Equivalent turnover ratio (i.e. no. of months* output in work in progress) 


Progress, 

1923. 


October 

November 

December 

£ 

£ 

£ 

31 629 

28 165 

26 622 

872 

913 

1097 

1009 

1187 

1310 

2 616 

2 136 

3 373 

1276 

1621 

2161 

36 

71 

142 

£37 336 

33 993 

34 695' 

7 702 

6 733 

7 028 

647 ’ 

211 

101 

922 

" 427 

347 

£9 171 

7 371 

7 476 

28 165 

26 622 

27 219 

7 219 

6 814 

6 371 

3-9 

3-9 

4-3 


A modified forn^ of the Burroughs machine with 
duplicate keyboards gives a whole statement of figures 
at once, while its operation is speeded up by means 
of^an electrical motor drive. This machine is adap%able 
to the whole preparation of pay-rolls and to other 
uses in the cost department, while practically the whole 
of the financial accounts can be prepared on it. 

In the processes of summarizing and analysing 
costs these machines and others of similar function 
are invaluable as time savers, and in ensuring accuracy 
of compilation. 

At the other end of 4he scale we have such elaborate 
machines as the Powers and Hollerith tabulating 
machines, the ?«.tter of which has been very fully 
described in ^ article by Mr. E. W. Workman.These 
machines should interest the^engineer, and particularly 
the electrical engineer, because of their construction 

• 1e. W. VKdrkmah : “ Cost Accounting by Machinery,” Eng^- 
neenngl^nd Industrial Mamgeinenif 1921, vol. 6, p. 314, 


is effected by the constant progression of work through, 
the shops. It is the duty of the production engineer 
to arrange the programme of the orders being filled in 
the shops, and it lies with the cost department to inform 
him of the value of the work he is thus arranging. 

The work in progress is daily absorbing or being 
charged with new material, labour and factory over¬ 
head expenses, and likewise it is being relieved of^.and 
receiving credit for the goods it turns out to other 
departments and the warehouse or shipping department. 

Having taken a physical inventory of the^ value of 
the tofal work in progress in a department at the^ end 
of a year, the cost department can, each succeeding 
month, charge the department with its absorption of 
material, labour and factory overhead c?«^p§nses, and 
credit it with its output of finished goods, from the <^st 
ihcords which it possesses; to arrive at the end^of eacli 
I month af a figure showing ^e new value of work in 
progress at that date, • 
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V'ork in progrm amount of 

being fillSi i® 

Tabit? tutSV^: 

compamtiv^atem^SaoSl^ T > 

:r--rSm^i -£ 

rV£Sfi£E9f3S3H^ 

;~5r— 

The efforts of the production engineers in reducing 

f^flected in this statement. Thev were 
.successful in October and November but in December 
although the deliveries to the warehouse have increased 
by o„r ..p., cmt. tb. arrt..al, of f,»d« do^SSS 
matenaE, and raw materials to provide for ileir pro¬ 
gramme have overbalanced,the increase of deliv^es 
and caused the increase in the work in progress. 

Die turnover is reflected in item U. which is the 
quotient of items 12 and 1.3. While this may not 
represent the turnover to a gi-eat degree of accuracy. 

m^nf ^^ich a depart¬ 

ment IS making money for the firm, the speed teine 
inversely proportional to the turnover. ® 

in +u!f ^"“orpoi^ion of the cost records as cost accounts 
m the financial books of the firm enables the gross profit 
made by^ch department each month to be ascert^ed 

*’ it can be seen 

that Item 1 is the resultant figure transferred from the 
previous month. Item 2*18 tlie total paid to the direct- 
labour workers in the department, taken from the shop 
pay-roU. Item 3 is the amount of the factory over¬ 
head expensas absorbed by this direct labour. Item 4 
consists of the cost of part-finished goods (such as rough 
castings and forgings) received from the feeder and from 
other assembly departments. The raw materials re¬ 
ceived and the finished parts purchased from outside 
suppliers and applied to specific orders appear in item 6 
ift which also is included those finished parts from outside 
suppliers which are forwarded direct by them to the 
cnstoniljrs of the firm and which do not go through the 
shops (sudi as oil for bearings or for electrical transformers 
and steam engines for driving alternators, in cases 
where they are not made by the firm). Item 6 consists 
of specif charges which are not charged to factory 
overlisad expense.s, but are specific to certain orders 
or jobs. 

The total cost of all the apparatus delivered to the 
warehouse cand to other departments is included in item 
item 0 contains tlie cost of all apparatus made 
for "A department's own use, and of labour on repairs 
and renewals in the shop. It is*obvious that the differ¬ 
ence between items 7 and 11, i.e. the total of the credits, 
repi^jjsonts the value of the work in progress at the end, 
of the month, as shown in xijpm 12. 


of the figures used in tbisf paper relate to any particular 


Since the whole (Of the direct wages, factory over- 
ead expenses and materials have been used on specific 
orders, the^ total of the costs added to these orders 
dunng tte month will agree with the totals of items 
2, 3, 4 and 6. The work for the department itself is* 
one on an internal order and costed in precisely the 
same manner as customer's orders, Snd the totals of 
the costs to date of all orders that have not been closed 
work-in-progress balance, so that 
should the production engineer query the magnitude 
of this balance, he can be told at once exactly of what 
It consists. 

The Shop Staff in Relation to Shop 
Records. 

records are to be accurate and reliable, 
the shop reco;;ds, which form practically the jvhole data 
from which they are built, mcist be accurate and complete 
in every detail. In othfer words, in order that the cost 
aep^ment may give the engineers and the manage- 
ment reliable costs and cost figures, the engineers in 
the shops must first give to the cost department docu¬ 
ments which unerringly represent what actually has 
taken place in the shops. 

Now it is almost impossible for an employee to draw 
ffom the stores the direct material which he requires 
lor ms jobs without giving requisitions agreeing in detail 
wi^ the material he receives, as specified for each job. 

The direct labour is in most cases„accurately accounted 
for, but even in tliis case loopholes occur for wrong 
boofeng (for example, where the employee spends a 
Short time on each of many small jobs he is liable to 
book his time spent on several jobs to one only, 
in order to save himself the trouble of writing out 
several tickets). ^ ^ ^ 

The indirect labour and indirect materi^lr bookings are 
the source of many troubles, and the factory ow£ead 
expenses of which they form by far the largest propor¬ 
tion IS no small part of the total f^fctory c5st, as will 

have been noted from Table 3. In the first place a^ore- 

man will strive to cut down his factory overhead 
employee will have Constantly 
ref^ to a hst of overhead items in order to book 
correctly; and thirdly, unless detailed explanation is 
^ven as to what is to be and what is not to be booked 
o each Item of overhead expenses, indecision will lead 
to a proportion of wrong bookings. 

WHle the cost department will lend its aid in planning 
the means of booking all the items, the department 
looto to the engineer in the shops to see that these 
bookings are correctly malde, 

K naany incoreect bookings are made in the shops 
it miMt necessarily take much time on the part of the 
cos epartment to have the corrections made, thereby 
occasioning delay in the presenting of costs, undermining 
the exaebtede of the results, andVeatly increasing the 
exi^nse of running the cost department, with a resul- 
W mcrea^ in the cost of ea;ch pie& of apparatus 
turned out from the shops. 

Dislocation of work, consequent delay and increased 
expose may also be occasioned by the laterteceipt of 
job bekete and requisitions from the shops %ad stores 
in this direction the engineers concerned may help at 
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Table 5. 

Analysis of Factory Cost, Motor Assembly Department. 

Factory Cost of One Induction Motor, Type SR, Frame 4331, 676 H.P., Three-phas^, 60 Periods, 600 Volts, 

480 R.P.M., for A.B. Company, Limited. Order No. 7106. 




6 

6 

7 

8 

9 

IG 


Parts I ^ity”1 Name of pajft 


1^1 Cast-iron yoke 


Mach. 
Weight group 
no. 


Direct hours 


Mechl I 2 

parts J ' 3 
of M I 4 

stator 5 


— Magnetic circuits 

— Assembling circuits 

2 W.l. end plates 

2 End bracket^ .. 


Cast-iron spicier 


Magnetic circuits 
Assembling circuits 
End plates 
Shaft •. . • 


Coils and connections 
Winding and assembling 
Bmsh-gear 

Terminals, etc. 

Trifurcating box 

Coils and connections 
Winding and assembling 
Slip-rings, etc. .. 

ks .. 


2 Bearings 

— Assembly 

— Testing .. 

— Finishing 




96 10 126 10 0 

201 2 201 2 0 

4 1 24 2 6 

^6 16 19 16 0 


16 137 16 210 12 0 


5 81 2 90 4 *6 

— 168 7 168 7 0 

0 ^ 2 1 26, 9 6 

3 0 33 3 38 4 0 


7 12^ 63 1 66 12 6 


297 

10 

297 

10 

0 

— 


56 

14. 

6 

37 

16 

39 

12 

0 

19 

8 

23 

2 

6 

17 

1 

17 

1 

0. 

416 

1 

416 

1 

0 

65 

6 

120 

9 

6 


16 18 17 16. 6 


27 2 64 19 a 

23 2 29 3 0 

— 25 18 6 

— 13 17 0 


76 16 14 0 


1 721 7 2 108 17 6 


Summaries. 


Group Hours. 


Hours Direct labour ovcrhe^ 


10 


fi 8. a. 
fes 10 0 

£ s, 
136 17 

20 


16 17 0 

22 10 

30 

i7i;b 

16 3 0 

26 10 

40 

5 

0 8 0 

1 -0 

6A 

70 

7 2 0 

17 10 

60 

30 

4 3^ 

11 6 

70 

6 

0 10 0 

2 6 


Direct labour .. 170 13 0 

Factory overhead cost 216 17 6 
Material .. .. 172f 7 0 


Factory Costs. 


Approximate 

From above analysis 

of material 


S. s. a. 
170 13 0 


Totals .. 


2108 17 6 



Totals 


2 286 


216 17 6 
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least, to speed up the information which they them¬ 
selves require. ^ 

ANALYsfs OF Costs. 

The most important functions of the cost department 
are, first, to ascertain the costs of production, and, 
secondly, to analyse those costs. The purpose of 
^alysing a cost is to demonstrate ^exactly where each 
item of the factory cost has been incurred, in order that 
it may be kiown where costs can be cut down, and also 
to provide the selling departments with data upoq. which 
to base their prices to customers who make inquiries. 
The designer must know thg cost of the machines or 
apparatus which he designs, and the estimator must 
know the costs of previous machines or apparatus 
built, in order to have bases on which to make new 
estimates for the selj^^ department. The manage¬ 
ment must have costs tollable them to determine what 
lines ^f machines are profitable to construct, and each 
of them requires the analysed costs. 

Table -5^ shows the cost analysis of job No, 7106, 
the method of compiling tlie costs of which was shown 
earher in the paper. Only a very brief survey of the 
main points of this anal 5 ^is is possible here. 

The amount of detail shown is dependent on the 
dihount called for, as it will be appreciated that many 
sub-divisions* of material, labour and factory overhead 
costs could be given. 

.. In this case the motor has been assembled in the motor 
assembly department, and the direct labour and factory 
overhead costs are those incurred only in this depart¬ 
ment. Thus the material figures contain, in addition 
to all the direct material, the labour and factory over¬ 
head costs transferred to the job from other departments. 
The direct labour cost is detailed for each part as 
shown in Table 2. r 

Group 10 represents hand labour, 60 hours of .which 
on the yoke cost £4 10s. 

In group 30, 26 hours' work on the smaller machine 
tools costs £2 6s., while 5 hours' work on large machine 
tools (such as a 10-ft. planer) costs 10s. 

On the yoke the labour represented by this amount 
would have been used in rough machining, drilling, 
lathe work, slotting and planing, in addition to the hand 
labour in filing, chipping, etc. 

Cols. 7 and 9 show merely the sum of the hours 
workers and the money spent on each section. The 
factory overhead is applied as shown in Table 3. Col. 10 
shows the factory overhead applied to groups, and 
col. 11 the total factory overhead cost for each 
section. 

The material costs occupy col. 12, and include direct 
raw material drawn from the motor assembly depart¬ 
ment's stores, feeder material (including the labour 
and factor overhead applied to it in tlie feeder 
departments), stock parts (including labour and factory 
overhead), and finished parts from outside suppliers. 

The totals of cols. 9, 11 and r 12 are carried in one 
figure into pol„ 13, which then shows the factory cost 
of each section. 

By applying the percentage given in Table 3 it is 
deduced that the total matSial consists, as fax as this ' 
woitk is concerned, of 


Direct material .. 07 g 

Feeder department/Direct labour .. .. 313 

and stockrparts LFactory overhead .. 332 

£172l’ 

so that the eventual analysis of thO factory cost is 
shown to be 

Direct labour. 484 = (23 per cent) 

Factory overhead ., .. 649 = >26 per cent) 

Direct material .. 1 076 = (6? per cent) 

£2 109 (100 per cent) 

In addition to what has been given in this analysis, there 
might be shown the division of labour into „ day-work 
and piece-work (in hours and^’mcney), analysed to opera¬ 
tions, with the factory overhead cost correspondingly 
divided. ^ The " material" in col. ft might have been 
split up into feeder department and other labour and 
factory overhead expenses, or the motor might have been 
further sectionahzed. All of this it is possible to obtain 
from the data in the hands of the cost department. i^The 
example shown has been purposely kept as simple as 
possible, but it is sufficiently detailed to show the value 
of a complete cost analysis to certain of the engineering 
stafi of a factory. 


Effect of Increased Production on Factory 
Overhead Expenses. 

With all the data which it possesses the cost depart¬ 
ment is able to be of further service to the engineering' 
stafi. For instance, if a large demand is "Assured **for a 
particular line of machines the engineers may plan a 
S 3 rstem of stand^dized manufacture. This should lead 
to increased production which, in it§ turn, will affect 
the factory overhead expenses, for, with an inc^iease 
in production in . any one department, while the pro¬ 
ductive labour cost will increase more or les^ propor¬ 
tionately, the factory .overhead expenses will increase 
at a lower rate. 

The overhead machine-hour rates may therefore 
be reduced in anticipation, which means that any one 
job bear a smaller proportion of the factory over¬ 
head expenses than if did pre^nously, and thus the 
factory cost will be correspondingly reduced. 


CONCtUSION. 

The choice of a few of the many activities of a costing 
department which those entering upon a career in 
engineering should know of and appreciate, means the 
omission of many others wMch would claim the engineer’s 
attention. It is hoped that the biiiif descriptions 
of methods and aims embodied in this papel^ will stimu¬ 
late the necessary interest o^ engineers and go some'*way 
to ensure their co-operation with the cost department, 
•the ultimate success of which is so dependent on their 
aid and appreciation.* 
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THE TESTING OH MATERIALS USED IN THE MANUFACTURE OF 

ELECTRICAL EQUIPMENT. 


By C. Dawson, Student. 

{Abstract of paper read before the South Midland Students’ Section, 16/A November, 1921.) 


Summary. 

The following tests are described:— 
jVf^/^s.—Xensile, compression, shearing, bending, torsion, 
impact, hardness, magnetic (rods and core plates;, and 
miscellaneous. 

Jmulating Mo^naU. 

{a) Sheet and moulded Mechanical stren^h, 

plastic yield,'^electric strength? and insulation resist¬ 
ance. 

(6) Oils ,—Electric strength, insulation resistance, vis¬ 
cosity, flash point, chemical reaction, and sludge. 

(c) Electric strength, flexibility, acidity, and 

time of drying. 

The procedure on delivery of material is also set out. 


Introduction. 

The practice of testing all deliveries of raw materials 
has greatly developed during the past few years, and 
every large manufacturer has now a fully equipped 
testing department, the object of which is to detect 
■faulty material before it passes into the shops. Other- 
%ise a considerable amount of time and labour may 
be wasted. -'It is also an invaluable guide to the buying 
depar^ent. 

Generally, for any given material, several somces of 
supply ar^ available, and it is import^t to be able to 
distjpguish the quality of the materials coming from 
different sources, as. they may differ consider^ly in 
grade or^cost, and no mere supervision of the process 
of manufacture, or external examination, is an adequate 
guarantee of quality. To ensure that Ihe supplier under¬ 
stands exactly what is required of him a specification 
is circulated. This is merely a statement of what is, ] 
or is not, wanted and the tests which the materi^s will 
have to pass. A knowledge of any one of the following 
points is generally required : 

(1) Is the material suitable for the purpose ? 

(2) Is the material good of its kind ? 

(3) Is the material as good as that in previous 

deliveries ? 

(4) Of two materials, equally available, which is the 

better ? 

The simplest way of determining these, questions is 
to select sampRs of the material and subject them to 
apprppriale•tests, and, since a rapid and definite judg¬ 
ment is required, more or4ess arbitrary standards of 
quality mast be accepted. Since the physical constants 
of»a material regJly determine its valub for constructive^ 
purposes, commercial tests may be made to approximate 


as closely as is practicable to tests for scientific purposes. 
Whenever possible, shorter and readier methods are 
applied. 

Metals^. 

Of the mechanical properti^, engineers are concerned 
with the strength, toughness, hardness or adaptability of 
the metals to the mechanical operations of the workshop. 
To characterize these mechanical properties simple tests, 
such as tensile and bending t®sts, etc., are* adopted 
and they suf&ce, except in one or two extreme cases, to 
detect faulty or unsafe nfaterial. 

Tensile test .—^The simplest method of performing a 
tensile test is to fix one end of the sample and attach 
weights to the other end. This is quite satisfactory 
where the sectional area of the sample is small,* as in 
the case of wire, but for larger samples levers are, 
employed so that a large load may be obtained with- 
a small weight. Machines testing up to about 100 tons 
are made with a single lever and are generally used. 
Larger multilever machines are made, but are beydnd 
the needs of the electrical manufacturer. 

The sample should represent the average quality of 
the delivery, i.e. neither the best nor the worst should 
be chosen, but a piece which is representative of 
whole. To prevent confusion the bulk and the sample 
should both be branded before detaching the latter. 
It is important that it should not be subjected to any 
harsh treatment such as bending, hammering or heating, 
as this would probably alter the properties of the sample, 
AU samples should be of similar shape, as this may ^ve 
a great influence on the results obtained. The British 
Standard Specifications give standard forms of test- 
pieces, and all these, except test-piece F, give approxi¬ 
mately the same results. It will be noted tfeat the 
gauge length is less than the parallel length. This is 
because with ductile materials, such as mild steel, some 
of the metal from the enlarged ends flows into Idie 
adjoining part of the reduced section, thus decreasing 
the elongation and contraction, and increasing the 
strength of these parts. AH changes of section? ihust be 
gradual to avoid uneven stressing at these points. 
According to the B.E.S.A. specification, if pne sample 
does’^not reach the specification standard, two others 
should be taken and if either of these fails the d^very 
may be rejected. 

The elongation is a measure of the ^pepnanent set 
and is a good criterion of the ductility of the mat^ial. 
For a given gauge length the elongation increases with 
increased diameter, so «thaT: the necessity of spe^ying 
the proportions of the tdst-piece is evident. Another 
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guide to the ductility is the reduction of axea, expressed 
as a percentage of the original area. 

In the opinion of some; engineers the reduction of area 
is a better indication of the ductility than percentage 
elongation, but it cannot be measured so accurately. 
It is also much affected by local defects and the two 
are in agreement only when the elongation is measured 
for a very short length of test-piecQ near the fracture. 
Other tests for ductility will be dealt with later, 

ExdfnifidHCn of ih& fracture should 

always be examined, as the appearance of the fraptured 
surface is generally an index of the character of the 
material. The metal is said to be " crystalline '' when 
made up of visible crystals eittier coarse or fine. When 
the crystals are too fine to be recognized as such the 
metal is said to be granular/* and, when very minute, 

silky.** Wrought iron gives a " fibrous ** fracture. 
Cast iron is sometimes bic^adly classed as white or grey, 
according to whether the fracture is light or dark. The 
latter contains a higher percentage of graphitic carbon 
than thertformer. Generally, a coarsely crystalline or 
granular nf&tal has less satisfactory working properties 
than one of the same class in which the fracture is finer. 
The size of grain often depends largely on the tempera¬ 
ture at which the metal was cast, and upon the subse¬ 
quent thermal and mechanical treatment and rate of 
loading, 

The fracture of ductile materials under tension, and 
of brittle materials under compression, generally takes 
place partially or wholly by shearing, or sliding, in 
directions oblique to that of the direct stress. For 
tensile tests the shape of fracture of miM steel is a 
truhcated cone, and it is interesting to note that the 
angle of the cone is always approximately 46®. In 
the c^s of cast iron, however, there is no cone, but 
practically a plane surface. 

Cast iron is often tested in the form of beams 
36 in. X 2 in. X 1 in. supported at the ends and loaded 
^ centre. It should not break when a load of 
23 cwts. is applied, and the maximum deflection should 
be not less than 0-33 in. If from these results the 
tensile strength is calculated, the resulting figures, 
called the “ modulus of rupture/* will be higher than 
those obtained for the tensile test. 

^Compyession test, —table may be suspended from 
the shackle, below the cross-head of the testing machine, 
so that,.the sample can be crushed between the cross¬ 
head and the platform. To prevent bending, ttie length 
of the sample should not exceed two or three times the 
diameter. The sample is placed between hardened steel 
plates, and to ensure axial loading one plate is fitted 
wth a bftU joint. Hard or brittle materials generally 
fracture *mder compression by shearing across some 
plane oblique to the direct compressive stress. Plastic 
materials shorten almost without limit, expanding at 
the same time, and so require higher loads to effect 
furfheV compressive strain. An ultimate strength is 
therefore difficult to specify. 

Sheaying test^ ^This can be carried out in a 
way to the compression test by placing the sample in 
a Suitable holder. 

Bevding test, —^The machine is set up as for a com- 
pre^siBn test, except that a plunger is fixed to the 


cross-head. The plunger applies the load to the centre 
of the sample which is supported near each end on 
rounded edges. By this means the sample is bent to 
approximate^ a right-angle. The Ipad is taken off, 
the plungur is removed, and the sample is now placed 
On end and the load re-applied, and the bending con¬ 
tinued. When a machine is not available the sample 
may be bent by hammering. The bending test is a 
rough guide as to the ductility of the material. W'hen 
testing fiat samples the sides should be planed, as if 
they , are merely sheared the test is mor6- severe and 
less ttustworthy. The sample should, without«cracldng, 
be capable of being bent round a radius of times 
the thickness of the sample until the sides are paia.llel. 
Sometiines bending tests are made while hot to detect 
** red shortness,** i.e. brittleness when hot. Another 
rough, workshop test for ductility is the drifting test, 
in which a hole is drilled near an edge of the plate and 
then drifted out to a laarger size. 

Torsion test ,—When a bar is fixed at one end and 
a couple applied at the othei^in a plane perpendicular 
to the axis of the bar, it suffers a deformation (termed 
torsion) which gives rise to simple shearing stresses. 
Tensile and compression tests give no indication as to 
the torsion-resisting properties of th6 material, and 
materials for shafts, etc., should therefore be subjected 
to a topion test. With a special attachment this can 
be carried out in the tensile-testing machine previously 
described. The fracture of a ductile mate^al under 
topion is practically in one plane at right-angles to the 
axis. On the other hand, the fracture of a brittle 
material forms a helix of one turn returning parallel 
with the axis until it reaches the starting point. 

Impact Occasionally a material which satisfies* 
the above tests will fail when subjected to shock of 
vibration, and it is sometimes advisable to apply an 
impact test. Such materials are sometimes ^called 

fragile,** as they break with little deformation and 
a small expenditure of mechanical work. For tins 
reason the work done in fracturing the material is 
measuied. An impact test is not usual in electrical 
work, except for some insulating materials. 

Fatigue test ,—Materials subjected to varying stresses 
sometimes become fatigued and fail. Special tests for 
this property are not usual for electrical work, as the 
tensile strength is also an index of the resistance to 
fatigue. 

Mu^ness test ,—There is no absolute measure of harcf- 
ness and therefore comparative methods are used. 
The earliest method was to take various substances to 
find which would scratch the material under test. A 
modification of this is the sclerometer in which a 
diamond or steel point is weighted, and the weight 
required to produce a scratch is noted. This is more 
suited to brittle than to ductile materials. Another 
method, suited to ductile materials, is an indentation 
test such as the Brineil test. In this test a hardened 
steel ball (10 mm diameter) is forced inYo the. material 
tested, generally at a polished ^oe, by static pr^sure. 
The dipueter of the impression is observed by means 
of a microscope, and the hardness is read off from a 
’table which takes into account the relation, between 
the diameter and the depth, which is the real measure 
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in this case. For the ferrous aJloys a pressure of 
3 000 kg is used, and for the copper alloys 500 kg. 
The pressure may be applied by a dead weight, by 
levers, or by fluid pressure. In the Shore sderoscope 
a weighted conical diamond falls through a given height 
and the height of the rebound is noted. Different 
hammers are used for ferfous and copper alloys. This 
method is suited to finished articles as it avoids dis¬ 
figurement, but the results are often influenced by the 
method*of supporting the samplb. For malleable iron 
it is advisable to test the sample by savrag or machinmg, 
because" 3 # ibt properly annealed it is liable to be harder 
in the centre. It should not be harder than 200 Brinell. 

Chemical test .—^The material should be machined and 
the drillings carefully kept anc^plstced in a bottle, which 
should then be labelled and sent to the chemist for 
analysis. The actual work of the chemist is of little 
interest to the engineer "^ut from the Jesuits obtained 
much may be learnt, and it is important to know the 
effect of the various constituents as these indicate the 
properties of the material. 

Photo-micyogfaphs.—Th&sei are taken only in the case 
of faulty material or perhaps such important parts as 
rotor forgings and retaining rings. The ^icroscope 
shows, amongsbother things, the nature of any impurities, 
and the previous mechanical and heat treatments. 

Inspection .—^The dimensions of all materials bought 
to size are checked, e.g. bars and rods, wire, slate and 
boiler plate for switch cubicles. ^ 

Magnetic tests.—This branch of the subject is of 
growing importance because, apart from the necessity 
of testing for purely magnetic purposes, much work 
has been done of late years in connection with tte 
correlation of the magnetic and mechanical properties. 
The characteristics which are of importoce to the 
engineer, ato permeability, residual magnetism, coercive 
force, hysteresis and eddy-current losses. 

The following are some of the methods of measurmg 
permeability. 

(1) TracUonal method.—The^ force necessary to separate 
two parts of a magnetic circuit is measured in the 
Thompson permeameteT and Ewing’s magnetic balance. 
These give approximate relative values. The Du Bois 
magnetic balance is also of tto type and is more sensitive 
than thfe other examples given. . 

(2) By a steady magnetic or electric action as m 

Ko^psal’s permeameter. In principle the device is 
'Similar to a millivoltmeter in which the permanent 
magnet is replaced by an electromagnet, the sau^e 
under test forming part of this electromagnet. The 
moving coU of the instrument, carrying a small current 
suppUed by a dry cell, takes up a position determmed 
by the Tnain flux. instrument is very sensitive 

but is affected by stray fields. The Esterline per- 
me^eter and Ewing’s peimeabiHty bridge are other 

examples of this me^od. . ■ ^ 

(5) By measuring the increase in the electrical resistance 
of bismuth wSlen placed in a magnetic field. 

(4) B^ An inductive discharge through a halUstic gah 
vanofneter .—^There are several permeameters of this 
type^ bujt that recommended by C. V. Burrows of the 
Bureau of Standards, Washington, is'probably the bestf* 
* See ScUntific Papers of the Bureau, of Standards^ No. 117. 


Hysteresis and eddy^^current losses .—In the case . of 
core plates the losses are readily determined by means 
of a special transformer know® as the Epstein square. 
The iron core is easily replaced and is formed by the 
iron under test. About 4*5 lb. of the iron is cut with 
sharp shears into strips 10 in. X 2 in., half being paralld. 
to, and half at right-angles to, the direction of rolling. 
These are made up into four equal bundles, two from 
each direction of rolling, with press-spahn between each 
strip, and assembled in the apparatus. At the corners 
the magnetic circuit is completed with short, piece? of the 
same or similar material benh at right-angles and inter¬ 
leaved between strips of adjacent bundles. A clamp is 
tightened over these laps to give a good magnetic joint. 
There are two secondaries wound under the prima^, one 
of which is connected to a voltmeter for determining the 
flux (generally 10 000 lines per sq. cm). Unless an ele^ 
trostatic instrument is used, a correction should be mane 
for the current taken by the voltmeter. The other 
secondary is connected to the voltage coil of a low- 
reading wattmeter, the current, coil of which is m 
series with the primary of tjie transformOr. By this 
means the copper losses in the taansformer are eliminated. 
For accurate work a cofrection may be made for the 
copper losses of the wattmeter potential. wil. The 
sine-wave voltage applied to the primary is^ adjured 
by an auto-transformer, not a resistance, until the flux 
is correct as indicated by the voltmeter, and tiien the 
wattmeter is read. Whenever the magnetizing cirrait 
has been broken it should be closed through a consider¬ 
able resistance, which is tiien gradually cut out. 
prevents a large first surge and consequent high inagneti- 
zation which would require subsequent demagnetiz^on. 
As the hysteresis losses vary as the frequency, and the 
eddy-current losses .vary as the square of the frequency, 
by repeating the experimenl; at. another frequency -ttie 
two lossi^ may be separated. ^ m v. 

Conductivity .—Copper and resistance wires should be 
checked for resistance. 


Insulating Maxemals. 

Sheet and moulded insitlaiors.—Th& most import^t 
properties of this dass of material are me^an^ 
strength, plastic 3 deld with temperature, electac stoiigth, 
insulation resistance and absence of metallic mdesions. 
A convenient method for comparing tiie strength ot 
these materials is in the form of a cantilever, the enectave 
length of which is 150 mm, the breadth 15'mm and the 
depth 16 mm. When samples are received m anomer 
form they are best compared with a standard produrt 
of the same size. Then, if the results of pre^ous tests 
appHed to the standard product are known, i^e ^ten^ 
can be compared with any other. Tim 
with temperature can be determined by loading the 
cantilever with a 2,-lb. weight, placing it m an 
75»*C. for 2 hours, and noting the deflection produc^ 
with the weight removed. The temperature mret be 

very carefully watched. . , ^ 

Impact.—V d.6 number of times which the sample 
may be dropped froima given height 
floor without breaking is noted, or a small Izod testmg 

machine may be used. j. 

, Electric sfrei^g^.r-Samples, the tbicknesa of flrhicb is 
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known, are placed between electrodes under a pressure 
of 3 * 6 lb. per sq. in. The secondary of an extra-high- 
tension transformer is connected to the electrodes and 
the voltage raised by varying the primary voltage by 
means of an auto-transformer until breakdown occurs. 
Some materials, e.g. ebonite, are tested under oil. 

Insulation resistance, —^This is determined by means 
of a high-voltage '' Megger.^' If this is not sufficiently 
sensitive a high-voltage battery with a galvanometer 
and a limitiilg resistance in senes is used. 

Metallic inclusions. —For some materials, such as 



press-spahn for high-tension work, every sheet is sub¬ 
mitted to X-rays to detect metallic inclusions. 


Oils. 

Switch and transformer oils are obtained from crude 
petroleum hj fractional distiDation. A sample should 
be drawn from each barrel of oil and tested for electric 
streri^, insulation resistance, viscosity, flash point 
chemical reaction and sludge. 

(a) Electric strength,— method of testing this is 
shown in the figure on this page. The oil is drawn 
from the barrels by means of a pump or sjnmge kept 

ill the glass jar, which is 
first rinbed-^ Wildi some of the dil--*-on no account must 


water be used. The bottom of the jar is drilled and 
a brass stud fitted. The lower electrode should be so 
heavy as not to be lifted by the electrostatic attrac¬ 
tion. T^e jSr is now placed in position by means of 
the sliding base. The micrometer is set at zero and 
the length of the spiifdle S adjusted by turning the 
nut N at the top of the spindle until the two electrodes 
just make contact. This is determined by means of 
a bell and battery. .The micrometer is now turned 
until the required sp^k-gap is obtained. The bell is 
disconnected and the extra-high-tension leatjs connected 
up, the voltage being varied by means of an auto¬ 
transformer or induction regulator. 

With spherical electrodes 0*25 in. diameter separated 
by 0* 07 in., the oil shouKl withstand 9 000 volts withcmt' 
sparking. It is very difficult to obtain consistent 
results when carrying out this test, and it is advisable 
to let the oil stand for some time ^ter setting up the 
apparatus, to allow the fibres in suspension to settle. 
Larger electrodes with a wider gap will probably over¬ 
come this difficulty. The electric strength is greatly 
affected by the smallest trace of moisture and may 
be taken as a guide to the amount of moisture 
present. Another way to detect the presence of moisture 
is to thrust a red-hot wire into the oil.*' If moisture is 
present a crackling noise is heard, and if the oil is dry 
there will simply be a pufl of smoke. The best method 
is to drop in a small piece of sodium, which decomposes 
any water present and liberates hydrogen. 

(6) Insulation resistance. —Some engineers maintain 
that^ insulation resistance is a better criterion of the 
quality of the oil than the electric strength, but the 
difficulty is that the insulation resistance changes wiidi 
temperature. The oil is placed in a jar, and disc elec¬ 
trodes of almost the same diameter as the internal* 
diameter of the jar are separated by a definite anfbunt 
and connected to a Megger."' 

(c) Viscosity.—TpiQXQ are several methods of deter¬ 
mining the viscosity, but the Redwood viscosimeter is 
probably the best for electrical work. The viscosity 
of transformer oil should not be above 860 seconds 
Redwood at 40® F. or it will not carry away'"the heat 
with sufficient rapidity. For oil switches the oil should 
not be too thin ; at, say, 70® F. the viscosity should not 
be less than 100 seconds Redwood, otherwise* the arc 
will not be extinguished. 

(if) Flash pmnt. —^This is the lowest temperature at 
which the oil gives off inflammable vapour. This 
should not be below 160® C. when tested in a closed 
testing apparatus such as Gray's. 

(e) Chemical reaction. —^The presence of an acid or 
alkali in the oil reduces the electric strength, and an 
alkah also gives the oil the power of absorbing moisture. 
To test for these impurities the oil is shaken with an 
equal volume of boiling water in a separator and kept 
at nearly 100® C. until the sepaHration is complete, 
when ihe aqueous solution is tested. The presence of 
any acid or alkali is shown by adding phfenolphthalein. 
Tincturfe of cochineal prepared with 20 pet cent of 
alcohol is sometimes used, but it is too sensitive. It 
turns yellow if an add is present, violet-blue ifralkaline, 
^d red if neutral. Resin is also shown^in this test by 
its. precipitation in. fine, white granules at the point 
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of separation of oil from water. Tlie presence of sul¬ 
phuric acid and sulphonates can be detected by a white 
precipitate forming when barium chloride solution is 
added. The presence of sulphur is detected by immers¬ 
ing copper wire in the oil and noting whether the copper 
blackens. Mineral impurities aild additions may be 
tested by evaporating and igniting the oil and testing 
the residue. 

(/) Sludge ,—Sludge consists of oxidation products of 
the oil, which collect in and around the windings of 
oil-immersed transformers and choke the cooling ducts. 
In the caSeoonoil switches it is not of much importance, 
as the growth is slow and the parts are easily accessible 
for cleaning. One test for sludge is to draw pure air 
^r q>n^ 100 cm® of oil heated ■GO 3P60® C. in a 200 cm® 
flask, fitted with a condenser neck, at the rate of 


bility test, for which 600 volts per mil is a fair figure. 

(2) Flexibdity ,—^Strips of thin paper are impregnated 

with several coats of varnish and stoved for several 
days till the paper cracks on bending it about 60 times 
round a radius of 0-006 in. A good varnish will with¬ 
stand heating for 14 days at* 130*^ C. ^ 

(3) Acidity ,—^Lengths of copper wire are immersed 
and stoved. If any acid is present the copper turns 
green. Another test is to add plenty of alcohol, shake 
and titrate with potassium hydroxide. 

(4) Time of drying.—The time of drying the above- 
mentioned strips of paper is '•noted. Insidating va¬ 
nishes stoved at 86® C. should dry overnight. Air¬ 
drying finishing varnishes dry in from 2 to .10 hours. 

(6) The effect of the varnish on the enamel when for use 
with enamelled wire. 


Table 1. 


Tests usually applied to the Various Maienals, and Average Figures obtained. 




Bend 

Hardness 

Permeability 

Hysteresis and 
eddy current 

Miscellaneous 

Material 

Tensile ^strength 

(Brinell) 

(H « 100) 

__ 

Rotor forgings 

Rotor retaining rings 
Steel rod 

Malleable iron castings 

tons/sq. in. 

36-45 

60-66 

33-47 

degrees 

180 

180 

180 

170 

250 

140-200 

130-190 

180 

watts/lb. 

Chemical analysis 
Chemical analysis 
Chemical analysis 
Machining 

Chemical analysis 

Pig iron 

— 





and drop test 

Cast iron 

12-16 

— 

— 

1 80t-90 

1-2 

Chemical analysis 

Core plates .. .. 

Brass rod 

30 

72 (at least) 

80-100 1 

— 


Chemical analysis 

Brass castings 

Copper (switcfi contacts) 

_ 

— 

60-100 

76-95 

80-100 

— 

— 

— 

Coppel: (commutator).. 

— 

75 (at least) 



_ 

Coppen (springs) 

— 




Conductivity and 

Copper wire .. 



70-90 



inspection 
Chemical analysis 

Bearj^g bushes 

— 

' 


- 

Chemical analysis 

Solder. 

36-46 




_ 

Chemical analysis 

Key* steel 






3 bubbles per second (0-07 cubic ft, per hour). The 
deposit formed can be weighed by diluting the oil with 
petroleum spirit, and filtering and washing with^anore 
petroleum spirit. The deposit should not weigh more 
than 0*06 per cent of the original weight. A piece of 
bright copper having a total surface of 4-6 sq. in. 
must be placed in the flask during the test, as this 
has a catal 3 ^c action. The disadvantage with this 
method is the time required, viz. two days. 


Varnishes. 

Insulating varnishes are tested for :— 

(1) DieUctricsmngth,^JhTerjfexoi'l^o, 18S.W.G. double¬ 
cotton cov*erftd wire is wound round a brass rod; then 
warmed and dipped in tha varnish. "When dry the 
electric strength between the wire and the rod is deter¬ 
mined ; this win be about 800 volts a.^. A better test 
is*J:o tlse the impregnated paper employed in the flexi- 


Slate and Marble. 

The dimensions of the slabs should be checked, 
he tolerance being ig in. for the larger ^bs ^cks 
an quickly be detected by wiping over the slab vnXh 
, quickly evaporating liquid. The presen^ 

(urities can be tested for by applying to 'tte ®«rface 
wo pointed electrodes connected to a R 000-volt 
ransformer. 

Procedure on Delivery. 

It fi of little use to test a delivery if after the tests 
ire complete it is found that the material has aU'^n 
ised, or has been mixe4 with the old stock. The time 
■aken to test should be reduced to a nummum, n^ 
mly on account of any inconvenience that may be 
»used but also to reduce the storage space. One 
method Of fulfilling these conditions is as foUows: 
^ deliveries on arrival st the works are placed in a 
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Special store. The receipt note is made out and samples 
are token for test. A description of the sample with 
particulars of the' su^rolier, date, order number, 
works order number, receipt note number, and 
ultimate destination, are all entered in triplicate in 
a book which is sent with the samples to the testing 
department. The samples are here stamped with a 
serial number which is also entered in the book, and the 
particulars are noted in a book kept for the purpose. 
The top cc^y is signed and serves as a receipt to the 
storeman. The.other two copies are tom One 

of these, a card, is handed with the samples to the man 
responsible for the tests. He notes on the back of the 
card the tests performed and, when the tests are com¬ 
plete, returns the card and the results of the tests to 
the office. The orders to the receiving stores are now 
written on both the card and third slip, and the third 
slip is returned to the receiving clerk, who initials the 
receipt note. The delivery, if accepted, is passed on 
to the stores. If'tbe delivery does not reach the speci¬ 
fication standard, it is generally rejected and returned 
to the supplier, but sopietimes in special cases it may 
be accepted, perhaps with a proviso that it is not to 


be used for a certain class of work. This latter course 
should be used only in cases of emergency, owing to 
the complications introduced in the stores. The results 
are now typed and copies are sent to the persons inter¬ 
ested. One copy is filed according to the material; 
and another, together with the card and all figures 
taken, is filed under the serial number. 

* Conclusion. 

All the plant described in the paper w^uld probably 
not be installed in any one works. A suitaWe selection 
depends on the particular requirements of the works 
and the resulting economies that are expected. If the 
apparatus is also hfe used for research work, ^ i© 
often the case, it will be much more elaborate than if 
used merely for routine testing. Much work has been 
done in connection with tlve testifig of metals, and the 
various tests have been standardized. Little progress 
has been made, however, in regard to tlie insulating 
materials, and every manufacturer has his own standards; 
but this state of affairs will probably be remedied in the 
near future. 
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686th ordinary MEETING, 2 NOVEMBER. 1922. 
(Held in the Institution Lecture Theatre. 


Mr. J. S. Highfleld, Past-President, took the 
at 6 p.m. 

The minutes of the Annual General Meeting of the 
25th May, 1922, were taken as read, and were con- 
firmed and signed. 

^ A list of candidates for election and transfer approved 
by the Coundl for ballot was taken as read and was 
ordered to bo suspended in the Hall. 

The' following donations were announced as having 
been received and the thanks of the meeting were 
accorded to the donors;— 

Benevolent Fund: F. W. D. Adcock: Anonymous; 
C. T. Allan ; W. F. Andrews ; A, G. Barnard; J. E. 
Baiy; H. P. Bearcroft; C. A. Beaton ; P. L. Bern¬ 
stein ; J. E. Betley; C. G. Bevan; L. Birks; W. 
Birmingham; H. E. BlacMston; W. H. Bray; R. V. 
Broberg; " W. Brownlie; E. A. Buxton; H. g! 
Cameron; A. S. Campbell; P. G. Campling; G. W. 
Carpenter;. F. D. Chadwicl?.; S. K.' Chatteijee; 
J. C. Clarke; J. R. Clayton ; G. D. Clegg; H. w! 
CockeriU; TR. 1l. Qibbes; A. E. Ckoss ; C. F. Crymble ; 
T. E. Daniel; J. F. Davje; H. O. Davies ; J. N. Deas ‘ 
A. C. de" Oliveira; .The DiOsel Engine Users* Associa¬ 
tion ,• G. W. Dumbrell; Wi Duncan; F. J. Edgar; 


G. J. Evans; A. R. Everest; L. J. B. Forbes; C. F. 
Fowlgr: C. S. Frankhn ; J. R. Gardiner; E. L. Glew; 
J. R. W. Grainge; F. W. Green ; J. D. Gr<»en ; J. G. 
GrifSn; E. Halton; C. Hamilton; F. Harris; H. H. 
Harri^n ; A. T. Harrop; F. de B. Hart; R. S. Hobson ; 

E. H. Hooper; J. W. Homer; W. Howes; P. R. 
Hughes; V. R. Hurle; W. H. M. Kelman; P. C. Kerr ; 
C. D. King; F. A. Lawson ; T. F. Lee ; A. E. McCoU ; 

F. CPMeaby; A. P. Mitchell; F. Morton; J. JduUm ; 
A. R. Murray; J. Y. Nelson; C. A. NeweU; W. H. 
Parker; L. W. Phillips; E. A. K. Picard; H. V. 
Pointon ; F. C. Porte; S. C. Price; C. W. L. Ray; 
W. J. Rickets; A. J. Roberts; A. S. Robertson; 
E. G. Ross; A. Rushton; J. Russell; A. H. Selwyn ; 
J. W. Sloradi; J. L. Smith; E. Steadman; A. 
Stewart; W.G. Stock; D. Stringfellow ; C.F. Thomas; 

H. J. S. Thomas; G. Thompsofi; J. A. Troughton ; 
E. O. Turner; F. Walker; L. G. Walker; H. K. 
WMtdiom; H. W. Wilkinson; E. SVilliams; J. C 
Wrighton; The " Twenty-Five ” Club; V^stem Centre 
(per W. Collins).. 

The following letter, dated 29th Octobei;. was read 
from the President of the French Society of Elec- 
tridans :—; . 
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Dear Mr. President, 

The invitation which you have sent me, on behalf 
of the Institution of Electrical Engineers? to attend 
their Meeting on the 2nd November is highly appre¬ 
ciated by the French Society of Electricians as a mark 
of sympathy scientific esteem, coming from the 
illustrious Society over which you preside and addressed 
to a younger Society which is endeavouring to serve 
science and industry as well as ili country and Alhed 
Nations. I deeply regret not being able to come to 
London express to you personally, in the name of 
the French Society, the cordial feeling of the French 
electricians towards their colleagues of the United King- 
•doDS). ^d to hear the instruclAve^'address which you 
propose to give. I beg you to convey to the members 
of the Institution an expression of the warm esteem of 
their French colleagues and to accept fori yourself, Mr. 
Fresident, my cordial and fra.ternal sentiments. 

{Signed) M, Bridlouin. 

The Premiums (see vol. 60, page 528 ; also Institution 
Notes, No. 34, page 26, August 1922) awarded during 
the session 1921-22 were then presented by the Chair¬ 
man 4:0 such of the recipients as were present. 

The Chairman : I now have great pleasure in asking 
the new President, Mr. Frank Gill, to talce the chair. 

The chair was then vacated by Mr. J. S. Highfield 
and taken by Mr. Frank Gill amid applause. 

Mr. Roger T. Smith: It is my privilege to propose 
a vote of thanks to our retiring President who, in 
common with bis predecessors, wiU look back upon his 
year .of office with mixed, feelings. First of all, the 
retiring President feels very much as a boy does when 
he leaves schqol and goes home for the holidays, and 
perhaps that is the predominant feeling, I believe 
that most Presidents—and certainly I know that m. 
Highfield had that feeling—soon after their installation ! 
in the chair come to feel that perhaps the greatest 
possession Wch &e Institution has is its tradition. 
We iii this country cherish our great traditions^ We 
date our civil liberties from the time of King John 
and, * although the electrical industry cannot boast of 
such an age, the Institution of Electrical Engineers has 
60 years of tradition to give it ballast. Perhaps Mr. 
Highfield will agree that the most interesting events m 
his year of office were the Commemoration Meetings to 
celebrate that 60 years’ existence. During ^ose 
Meetings and the social functions which made them 
so pleasant he was unfortunately confined to his house. 
Possibly the greatest tribute to his complete under¬ 
standing of the things and people which go to m^e 
up tradition, was the fact that before he fell ill the 
axrangeiiieiits. made were so complete ^d so entir^y 
in the proper spirit that, in spite of his absence, the 
Commemoration Meetings were completely succ^fm. 
During his period of office not only did he maintain 
the traditions of ,fhe Institution, but he added to them. 
To give oniyione instance, I would refer to the w&y i®- 
whidf, after montiis of very^arduous toil, he succeeded 
in persuading Mr. Oliver Heaviside to accept the Fara¬ 
day MSdal.* Without the President’s upfailiug courtesy 
and p*tiai«e I dd not think that this Institution would 
have had the pleasure of hono*iring, however late, 

VOL. 61. 


that very remarkable man . I beg to propose: “That 
the best of the Institution be accorded to Mr, 

J. S. Highfield for the very able m^er in which he 
has filled the office of President during the past year.’’ 

Mr. LI. B. Atkinson: It is with very great pleasure 
that I second the resolution proposed by IVfr. Roger 
Smith. When, at the end of last Session, I handed 
over the reins of offibe and vacated the chair in favour 
of Mr. Highfield, I expressed my full anticipation of 
the results that would bex)btained undw his leadership, 
and I am sure everybody wiU agree'with Mr. Roger 
Smith that the past Session has been one of the most 
interesting and enjoyable that it has been our lot to 
have. Every Session has its problems and its own 
special tasks, and I should like to refer to one of them, 
i.e. the completion and dedication of the Institution 
War M« mo ria.1. There are, of yWirse, in an Institution 
like this, many different thoughts on such subjects, 
but I tviinlr that the War Memorial ^n its design and 
wording, and the dedication ceremony in its form and 
sentiment, were sufficiently wide to cover sll tine various 
shades of thought. Those larg* matters to which 
Roger Smith has referred and which come to the view 
of the general membership are, as it were, only the 
peaks in the midst of a very large amount of work; 
which the President has to perform. The ordinary 
daily work of the Institution involve discussions and 
decisions which have to be taken daily and hourly by 
the President on behalf of the members, and there are- 
many occasions when it is very easy to make a mistake 
whidi wiU mar the work of the Instiffition and destroy 
its usefulness and popularity among its members. The 
tact and judgment which the President has shown on 
those smaller matters as well as on ffie larger ones- 
have been a great asset to the Institution, and I have 
much pleasure in seconding tlSe resolution. 

The President; Before I formally put this vote 
to the Meeting, I should like to pay my tribute of 
admiration to our retiring President. I have seen a^ 
good deal of him.during the past Session and I have 
seen that with imtiring energy and great abihty he 
has devoted himself to tlie furtherance of the prog^. 
of the Institution. With patience and tact he ^ 
dealt with the affairs of the Institution, both 
Council and out of the Council, and he leaves ffie ch^ 
not only with very greatly added respect, but with 
something which I venture to think is mucB* more 
valuable—the affection of those whose pleasure it has 
been to work with him during this past year. 

The resolution was then put by the President and 

carried with acclamation. , 

Mr J. S. mghfleW = I* is very difficult to thank 
you ail for your very kind, your very hearty response 
to this resolution; indeed it is difficult to say 
after .the very kind things that 

evening. Mr. Roger Smith said that he ^t like a 
schoolboy when he had given up the offi^ of Prudent: 
I am not at all sure 4at I did not feel raffi^ hke 
a schoolboy throughout the whole year. I do n^ 
4 -emember a more pleasant year ; it was spoilt only by 
the illness which prevj^tod 

Commemoration Meetings., It is necessanly to 

act as helmsman to this great Institution. It is an 

5 
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Institution in which I tliink its memberr every year 
individually take greater pride, and its efficiency and 
influence have been increfsing for years past. A good 
deal was accomplished in the year, thanks in a great 
measure to the fact that we had become thoroughly 
re-established in our own building, and also to the way 
in which everyone helped and worked in the interests 
of the Institution. The Past-Prefeidents, particularly 
the two immediate Past-Presidents, Mr. Roger Smith 
^d Mr. LI. B. Atkinson, gave help at all times; and 
it is due to the four Vice-Presidents that the Com¬ 
memoration Meetings were so admirably conducted and, 
in addition, there were Members of Council serving 
manfully on the many Committees. I. should also like 
to mention the Chairmen^ of the Local Centres and of 
the Committees who worked very hard and accom¬ 
plished much. I shots^ like specially to refer to the 
Chairaan and the Committee of the Scottish Centre, 
3Jid X am sure all the members who took part in the 
Scottish ^Meeting will long remember it as a most 
delightfuL-^d useful time. It only remains for me to 
thank tile Secretary anti his staff for all the help they 
gave. They were to me a complete, thoroughly efficient 
working crew, and all I as helmsman had to do was 
to take charge of the helm and leave them to do the 
rest. In conclusion I should like to wish Mr. Gill all the 
success as our President which I know he will achieve. 

The President then delivered his Inaugural Address 
(see page 1). 

Sir John Snell: I should like as my first duty to 
add to what has been said by our immediate Past- 
President in offering our congratulations to Mr. Gill on 
becoi^g President of this Institution, but I should 
nlso like to congratulate the Institution itself upon the 
appointaent as President of one who is a master of 
Ms subject. The Address is one of more than national 
importance, dealing as it does with what the President 
has happily termed the "transportation of intelli- 
gence **; it is perhaps even more than one of Imperial 
importance because it is cosmopolitan and is on a 
subject of immense value to the present state of highly 
organized civilization. Some 10 years ago the President 
and I were engaged in a very lengthy duel, wliich 
entailed our attendance in a stifling court and proved 
very exha.usting to both of us. Sitting there day after 
day, hearing Mr. Gill unfold the technicalities of the 
case witich he was defending, I became more and more 
imbued with a deeper and deeper respect for him. 
After those laborious days, when the judges and others 
<Iuring the long vacation, it fell to the lot 
of Mr. Gill and myself-to sit down day by day to try 
to anave at a certain valuation which was entrusted 
to us. On the one side there was a man who was a 
master of his subject, who knew every detail from 
complicated telephone switchboards and large multi- 
corp cables down to ^ what are commonly known as 
potheads," and on the other side a man who had a 
most superficial knowledge antf who had to rely on 
the able en^ne^s of the Post Office for their assistance, 
Imt Mir. Gill did not take the slightest advantage of 
this fact throughout the who^e of that difficult technical 
negotiation, My respect for Jiim, which had deepened 
aufing those laborious days in Court, reached its acme 


when we had concluded that work of ours in the long 
vacation. I suggest that the Address to which we 
have listened to-night is of the greatest importance, 
and I think it is more pleasing perhaps to the Institu¬ 
tion that, after a succession of Presidents who have 
represented more particularly the power side of engineer- 
mg, we should now have an Address representing what 
is generally known as the weak-current side, delivered 
by one who has his* subject at his finger-ends. The 
weak-current side is one of increasing importance to 
the whole world, and one which has not reached in 
Europe that degree of excellence which it has reached 
in the home of its birth, the United States. It has 
become a highly technical branch of our industry 
Those who have watched the almost uncanny working 
of an automatic telephone would agree with me there. 
It is pleasing to think that we now have amongst our 
Presidential Addresses a paper dealing with long¬ 
distance communication. I commend the paper to the 
members of the Institution and I beg to move " That 
the best thanks of the Institution be accorded to Mr. 
Frank Gill for his interesting and instructive Presidential 
Address, and that, with his permission, the Address be 
printed in the Journal of the Institution." 

Sir Ridiard Glazebrook : I am privileged to 
second the proposal that has been so ably put before 
you by Sir John Snell, and I think I need add little 
to what he has said as to the merits and the work of 
our President and the importance that we attach to 
the fact that he is now President of the Institution 
and in a position to give us something of the vast stores 
of his knowledge on this very complicated and di^i^ult 
subject. I would ask you to thank him for his Address, 
not merely for the Address itself but for "pie high ideals 
that he put before us as to the manner in which he 
would undertake the work of President and in which 
we as members should discharge dur duties, and for his 
realization of the importance of those duties. One 
could spend a long time^in discussing the advantages 
to civilization derived from the work of engineersf^ and 
there are few details of that work that have added 
more to the advantages of life and to the progreiSs of 
civiliza^on than the improvements in the method of 
communication about which we have heard, so much 
this evening. We thank him for the instructive 
character of the Address, which has been really in¬ 
structive in many wa}^. We all have some idea .of 
the implication of telephonic communication, the 
difficulties that must occur, and the problems that the 
telephone engineer has to solve, but I think that our 
knowledge—^my own at least—^has been comparatively 
small, and I believe that few of us realized all the.skill 
and thought that must have been put into the develop¬ 
ment of telephony as we now know it and as it is in 
^e United States. In other ways I think the Address 
is instructive because it has put clearly before us the 
great importance of this problem ^of long-distance 
telephpny and has indicated some methojjs* by which 
a solution of the problem in Europe might be possible. 

The resolution was then put to the meeting by Mr. 
J. S. Highfield, Past-President, and was carried with 
acclamation. After the President had briefly replied, 
the meeting terminated at 7;35 p.m. 
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OBSERVATIONS OF THE FIELD STRENGTH OF 
HORSEA WIRELESS STATION.* 


By E. B. Moullin, M.A. 


{Paper received ISth Septen^er, 1922.) 


Summary. 

Many measurements are recorded of the strength at Cam- 
<bridge* of the signals from HorseTi dhring September 1921, 
in which the Vallauri method of measurement was employed. 
The field strength is deduced from the measured E.M.F. of 
the signal,'the efiective height of the receiving aerial being 
detennined experimentally Both^ from the distribution of 
current in the aerial up-lead, and By comparing the receptive 
power of the aerial ^th that of a 16op. IncidentaUy, the 
measurements of effective Height provide a very accurate 
verification of the law that for short distances the E.M.F. 
set up in an aerial is in direct proportion to the frequency of 
the incident waves. It is found that at a wave-lengih of 
3 OOCTm the Horsea signals suffer in Iheir journey an 
absorption of 40 per cent, and evidence is produced of a 
regular diurnal variation of intensity. The accuracy of 
the aural method of comparison is discussed, and the 
feasibility of making long-distance measurement with a 
visual indicator, instead of by aural comparison, is pointed 
out. 
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The transmissions were qn wave-lengths ranging from 
2 600 m to 8 000 m, and were distributed throughout a 
continuous 24 hours at intervals of a few days. 

The author’s experiments described in the paper were 
made during the end of August, e^ly September and 
early October at Cambridge, wiiich is situated 177 km 
N.E. by N. of Horsea. This distance is among the Icmgest 
recorded of the short-distance overland tests, and it w^ 
hoped tliat the measurements could be used? as a still 
further test of the Hertz formula., without any correcting 
factor for absorption. The results, however, show field 
stirengths some 40 per cdht less than the value given 
by the Hertz formula, owing to absorption by the 
intervening land and obstructions. The path from 
Horsea to Cambridge lies over the Portsdown Hills, 
the hills near Guildford and, finally, after a long Stretch 
of flat, open country, over the low chalk hills near 
Baldock, some 15 miles from Cambridge, During the^ 
whole period of the measurements the weather was 
exceptionally hot and fine, and had been so for the 
previous three months. 


(1) Introduction. 

(2) Method of measuring the received E.M.F. 

(3) Desc^ption of the aerial used, and the method of 
building up the equivalent circuit. 

(4) "* Production and measurement of the local E.M.F. 

(6) Method of., adjusting the circuits and making 
comparisons. 

Tables of measured E.M.F.'s. 

(7) M^^urement of the effective height of the aerial. 

(8) Field strength produced by Horsea, and the 
correction factqjr for absorption. 

(9) Probable accuracy of aural comparison, and 
evidence of diurnal variation of signal strength. 

(10) Comparison of measurements made with different 
mutual inductances. 

(11) Conclusion. 


(1) Introduction. 

In August, September and October, 1921, ihe Naval 
Wireless Station at Horsea, Portsmouth, c^ed out a 
series of regular contihtious-wave transmissions. In¬ 
formation of the tests wa& kindly afforded to the author 
by Mr. L, B. Turner^ of the Wireless Telegraphy Com¬ 
mission, and advantage was taken of this excellent 
opportunity to^make S 3 rstematic observations of the 


field streif^ihs. 

♦ The Papers Cominittee invUe written communications (ydth 
a view to publication in the Jowwfll if 
imttee)^ on papers published> the 

at** a meeting. Copununications should rea^h tlm Secretary of* 
the lifstitutSm not later than one monlh after pubhcation of the 
paper to which they rtiate. 


(2) Method of Measuring the Received E.M.F. 

The method employed was*'a slight modification of 
the well-known comparison method due to Vallanri. 
This system of signal measurement has often been 
described, but may be briefly summarized as follows; 

Two identical receiving loops are provided having 
their planes at right-angles to one another, and oriented 
so that the effect produced in one is a maximum, and 
in consequence a minimum or zero in the other. The 
receiving circuit with its amplifiers and detectors can be 
connected at will to either loop, and a local E.M.F. of the 
same frequency as the incoming signal and of adjustable 
and measurable value can, when desired, be inlHoduced 
into the circuit comprised by the receiver, and the loop 
that is inappreciably affected by the incoming signal. 
It will be understood that there are two circuits identical 
in every respect, in one of which is situated an E.M.F. 
produced by the incoming electromagnetic «waveS' 
radiated frbm a distant transmitting station, while in 
the other is situated an E.M.F. of the same frequency 
but jffoduced by a local generator. 

If the local E.M.F. produces the same current im, its 
associated circuit as the signal E-M.F. produces in the 
other circuit, then,* the circuits being identical, the 
locally produced E.M.F. is equal in value tothe E.M.F. 
produced by the incoming si|nal. The signal E.JI.F. 
having t^een detennined this way, the field strength 
can be calculated from the Hnear dimensions qf the 
receiving loop. 
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The currents produced by 'either E.Mfl'. can be 
measured and compared by using a thermo-jundaon, 
by measuring the recti’ficd current produced by a valve 
connected across part of the circuit, or by comparing 
the sounds produced in a telephone connected to this 
rectiher, the choice of method depends mainly on the 
magmtude of the current to be measured. 

The difficulties of the Vallauri method of measurement 
are weU known, but probably only fuUy recognized by 
those who have actually performed the operation. 
The two main difficuties are (1) comparing the^ effect 
of the signal and local E.M.F., and (2) the measurement 
of the local E.M.F. The former difficulty is most ac¬ 
centuated when audible comparison has to be resorted 
to. If the incoming waves are broken up into Morse 
signs, then auffible comparison is the only satisfactory 
method, but it is unfortunately under these circum¬ 
stances that auchble comparison becomes most difficult. 
If the transmittiiTg key is held down it is easy to match 
perfectiy the note of the local signal with that of the 
incoming Signal, the condition necessary both to ensure 
that the local E.M,F. is of the correct frequency and to 
make accurate comparison possible. But when Morse 
signs are being received, as was the case with the Horsea 
transmipions, it is in general impossible to match their 
note with that of the locally produced Morse signs 
nearer than a semitone; this is possibly due to the 
transmitting station and local generator having different 
decrements, even though the two receiving circuits 
have the same decrement, An^^ small difference of note 
entaik constant worry as to whether the local generator 
is adjusted to the correct frequency. 

The difficulties attendant upon the measurement of 
the local E.M.F, axe those involved in designing suitable 
means (e.g. mductive, capacity or resistance coupling) 
for introducing it into the required circuit, and more 
especially in effectively screening, both magnetically 
^d electrically, the whole of the local generator circuit 
in order to ensure that no E.M.F. is introduced except, 
through the known and desired path. 

The author's experiments differ from those of Vallauri 
in that instead of using two suitably oriented loops, 
the incoming signal produced an E.M.F. in a smaU, 
^t-topped aerial; the local E.M.F. was introduced 
into an equivalent circuit built up so as to have the 
same electrical constants as the actual aerial, but of 
line^ dimensions so small that the effect upon it of 
the incoming signal was infinitesimal. 

(3) Description oe the Aerial used, and the 
Method op building up the Equivalent 
Circuit, 

The aerial employed consisted of two parallel wires 
1 m apart and 21 m long, stretched parallel to the 
ground at an average height of 6 m. Each conductor 
consisted of two No, 20 S.W.G. copper wires stranded 
together, and the steady-current resistance of the whole 
was about 0*25 ohm. The earth connection was to a 
water pipe /jilose to the receiver. 

Tbe aerial wae supported at-one end from the gable 
of a housp and at the other jjy an earthed, tubular-steel 
inast,^the clearance at e^ch end" being about I’m, The 
ariangement of the up-lead can be seen from Fig. 6. 


The static capacii^ of the aerial was found by a 
bridge measurement to be SlOfifiF. The natiffal 
wave-length was not accurately determined, but would 
probably^ be about 4J times the total length of wire 
or, say, 160 m. Extrapolation from a curve connecting 
wave-length and inductance inserted in -Oie aerial 
indicates that the fundamental was about 170 m: the 
total inductance of the a^ial must have been between 
30juH and 60;u.H. 

The circuit used for receiving is shown in Fig. 1. 
The inductance L was fixed and equal to ^ 000 juH 
i 2 per cent, and the capacity O varied' between 
WOfifiF for A=2 600 m up to 3 400/*/LtF for 
A =6 000 m. The resistance of L ranged from 26 ohms 
at 3 X 106 pmods per sec. down to 14 nbrng at 
1*6 X 10® periods per sec. (steady-current resistance 
13 ohms). 

A triode rectifying by curvature of the anode-current 
characteristic was employed for detecting, with the 
grid 4:-volt negative to prevent decffement due to grid 
current. Any form of retro-action was carefully avoided, 
and a separate heterodyne used to render the signals 
audible. 

It was assumed that the circuit of Fig. 1 wi^h a 






Fig. 3. 


distributed E.M.F. in the aerial could be repladbd by 
the circuit shown in Fig. 2 acted upon by a concentrated 
E.M.F, produced by the generator G. ‘ 

, greater than I and O greater than K., the ccsndi- 
tion which makes the P.D. across L as great as possible 
for a given E.M.F. supplied by the generator is, to a 
close aj^roximation, given by 

0) + ici} = 1 

For^the values of L, I, K. and O employed, this ex¬ 
pression is correct to about 0'2 per cent. It wad found 
that, with I omitted from the circuit of Fig. 2, the 
value of K required to tune the circuit of Fig. 2 to 
the same frequency as the actual a^al circuit in Bg. 1, 
ranged from 22Qfifj,F for A = 2 000 m tip to 270 uuF 
for A= 6 000 m. Introducing a Small iiiductance 
first in the aerial up-lead, anfl'-theii' in series with K, 
seemed to change the frequency of both circuits by 
the same amount; it was in cobsequeacfe considered 
that no appreciable error would be iutroduced by 
omitting I from the equivalent drcuit.' If l/^ is about 
1/20, then it is easy to show that K is about 6 per.cent 
greater than it would hav^ been if I had not been 
omitted. It was hoped that it would have beta possible 
to find the appropriate value of r by comparing the 
sound produced hi the telephones when the same iocal 
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E.M.F. was introduced in turn vato the true aerial 
drcuit and into the equivalent circuit; but the circuits 
appeared to be so nearly equal, even wit^ t entirely 
omitted, that it was decided not to attempt to replace 
the resistance of the aerial. It can be shown 'that the 
presence of a resistance r in the eqmvalent circuit 
reduces the P.D.‘Across L in the ratio 


R(E + 0) 
K 


to^ 


rK + C) 


K + 0 


K 


') 


It can be seen from this expression that with the 
values of iC and a in use, the presence of r does not 
appreciably reduce the P.D. across L unless r>>B, 

'^By* using a form of the authors tnermionic voltmeter 
to determine the P.D. across L, it has subsequently 
been foun^ that a given E.M.F. produce^ a P.D. across 
L 15 per cent greater in the equivalent, circuit than in 
the actual aerial circuit. The table of Section 6 shows 
the value of the si'gnal E.M.F. as'’actually determined 
without aUowance for tlife aerial resistance, and also 
the value corrected by 15 per cent. 

(4) Production and Measurement of the Local 
E.M.F. 

A ‘briode oscillator completely enclosed in a metal 
case, placed about 6 ft. away from the receiver was 
used as the local generator. The E.M.F. was introduced 
from this generator into the equivalent circuit by means 
of mutual inductances the values of which could be 
calculated. The generator current passing through the 
primary of these mutual inductances was measured by 

l-ohm vacuo-thermo junction and reflectog galvano- 
(«neter, the junction,being calibrated with direct current. 
The mutual§ used, four in number, took the form of 
two co-axiai circles of fine wire with planes parcel 
and placed about 0*6 cm apart. The calculated val^s 
were as follows^ JkTj = 0*1800*48^ > 

M'8 = 0-78/xH; andM4=0*24/iH. The current through 

the primary of these mutuals was varied by a-^enng 
the. output of the triode generator by means of a 
variable-resistance box (shunted by a condenser) placed 
in the anode circuit: a more convenient method would 
probablyhave been to shunt the prtoary of the mutual 
inductance itself with a variable resistance. 


Method of Adjusting the Circuits and Making 
Comparisons. 

The aerial circuit and the equivalent circuit used 
are shown in Fig. 3. By depressing the key A the aerial 
was replaced by the condenser K, and by depressing 
the short-circuiting key B the local E.M.F. could be 
introduced into the aerial or into the equivalent circuit. 

Having picked up the incoming signal and adjusted 
the condenser C until the sound produced in the tele¬ 
phones, actuatftd by the rectifier connected across L, 
was a TTi avjmnm j the heterodyne was adjusted un'til 
the beat note became so low as to be inaudible.^ The 
frequency of the local generator G was then adjusted 
nntil, with the keys A and B depressed, the beat not^ 

♦ paper read before the Wireless Section, 6th December, 

1922; also Wireless Worlds 1922, vol. 10, p. 1. 


between it md the heterodyne became inandibly 
the local generator and the incoming sigMl ^ ® 
sensibly of the same frequeacy*. ®ote 

then altered so as to give a fa^ly to 

with the signal: fine adjustment was then made to 
the frequency of G to match its note to the • 

This method of adjustment “ P’^^ng 

be the most reUable, and prevented any ^an<^ 
the frequency of G as mn(^ above 
as the signal was below, K)r vice versa. On a few occa 
sions fee Horsea key was held down for a short spac 
at the end of a sending period, and more fe^ once 
it was found that the Horsea note and the local note 
caused beats of only a few periods per second, which 

seemed to justify the method. nntout 

Having made a preUminary adjustment of the output 
of G the telephones were mq?^d ofE the ears, or the 
detertii triode dulled, until the Hom^ 
on fee Imit of audition. G was then fin^y adjusted 
until fee local signals were also just a«“Dle 
Having noted the current through fee 
the mufeal inductance, a second mutual 
very different value was substituted for fee fet, 
th7comparison repeated. 

initted. a third measurement was made with a third 

mutual inductance. . . 

The importance of these check measurements is two- 

(11 If the two measurements are not in fairly close 
agreement, it shows that the mutual inductee is not 
the only path through which fee local E.M.F. is bemg 

“'m'^Ifprevious experiments have shown ^ 
generator is effectively screened 

S the accuracy of the comparison, at best a difficult 


^^SS^en 23rd August and 2nd September, 1Q21, 

37 mimeiSts were made, all of which were useless 
ol^Ho defective screening. The various causes of 
unsuccessful screening were traced out o ne 7 ^ 

until on 4th September measurements wth tl^ee 
miSual inductanc^ showed that success had at last 

’"^Se^So^g examples are given to 

E.M.F. was introduced through the 

to show also that the comparison can 

Z. accuracy of at least ± 10 per cent. 

current through the primary of a mutual induct- 

ance M, 

4th September. A= 4 600m: 

21st October. A = 3 000 m; M^JM^ 8^ 

On 7th September a comparison was made wife a 
signal produred by a local continuous-wav® 
with key held down to aid comparison fee result b§mg 
tliat with A = 3 000m, =1*12. _ 

The author would Suggest that “ ^ 

strengths it would be an advantage toena&e a gene^ 
practice of using several mutual inductances. “ 
equivalent plan of obtaining dieck measurements. 

feere-could then be no doubt that fee mea^red ip. . • 

was a fail- approximation to the signal E.M.F. 
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Table 1. 


Date and time 

Trans* 

mitting 

current 

Wave-length 

M 2 T 2 


Received E.M.1*. 

(« uiMI) 

Received EJd.F. 

(X 1*16 to correct 
for aerial res.) 

19/lO/Sl 

A 

m 

fiH X mA 

jxH X mA 

mV 

mV 

2000 

60 

4 600 * 

0-48x12 =6-76 




aAo/81. 

0760-0800 

61 

3 000 

0-48 X 16-7 = 8-00 


6 

5*6 

1600-1522 

48 

3 000 

0-48 X 16^7 = 8-00 


6 

5*6 

1638-1600 

49 

3 000 

0-48 X 16-0 = 7-70 

_ 

4*85 

5*3 

1900-1922 

49 

3 000 

0-48 X 16-0 = 7-70 . 

_ 

4*85 

6*3 

1938-2000 

60 

3 000 

— 

0-78 X 8-4 = 6-^'] 

4*1 

4*7: 

2100-2122 

49 

3 000 

0-48 X 16-1 = 7-26 

0-78 X 8-0 = 6-2 V 

4*66or3*9 

6 or4*S 

2138-2200 

60 

3 000 

0-48 X 14-6 = 7 

0-78 X 8-0 = 6-2j 

4*4 or 3*9 

6 or 4*6 

1600-1622 

48 

3 000 

Mean 7*6 

^rsion to incorrect circuit 

0-48 X 6*5 = 2-66 

Mean 6*3 

for check purposes, 

0*18 X 8*9 =* 1*6 

4^8 or 4*0 

6*6 or 4*6 


Table 2. 


Date and time 

Transmitting 

current 

Wave-length 

Mill 

6/9/gL 

A 

m 

ftH X mA 

0700-0722 

37 

2 600 


0900-0922 

37 

2 600 

_ 

1100-1122 

37 

2 600 

_ 

1300-1322 

38 

2 600 

_ 

1600-1622 

39 

2 600 

_ 

1700-1722 

42 

2 600 


1900-1922 

40 

2 600 

0-18 X 9 = 1-66 

2100-2122 

38 

2 600 

0-18 X 9 = 1-66 

UAO/81 



Mean 1*66 



1900-1922 

37 

2 600 

0-18 X 8-4 = 1-6 

2100-2122 

38 

2 600 

0-18 X 7-6 = 1-35 

14A0/S1 



1910-1922 

62 

2 600 


U/10/81 




2140-2200 

36 

3 000 

0-18 X 9-6 = 1-66 

14A0y21 



1946-1966 

60 

3 000 

_ 

2146-2200 

61 

3 000 

0-18 X 9-8 = 1-76 

18A0/21 



2116-2122 

46 

3 000 

0-18 X 8-6 = 1-62 

2146-2200 

46 

3 000 

0-18 X 8-1 = 1-48 

4/9/Sl* 




^016-2046 

48 

4 600 

0-18 X*^10-6 = 1-9 

5/9/21 

2016-2046 

60 

*^600 

0-18 X 10-6 = 1-9 

6/9/21 



2916-2046 

60 

4 600 

0-18 X 9-8 ^ 1-76 

7/9/21 

, 


2016-2045 

60 

4 600 

0-18 X 10-6 ='’1-9 




fiH X mA 

0-48 X 6-7 = 8-2 
0*48 X 6 =: 2-9 
0-48 X 6-7 = 2-76 


0-48 X 4-2 = 2 


Mean 2*7 

,D’48 X 4*3 = 2-06 
0-48 X 4-0 = 1-90 

0-48 X 6 0 = 2-40 

0-48 X 3'6 = 1*68 

0-48 X 6-0 = 2-40 
0-48 X 4-7 = 2-20 

0-48 X 4-6 = 216 
0-48 X 3-6 = 1-70 
0-48 X 6-0 = 2-40 
0-48 X 4*2 = 2 00 
0-48 X 4^6 := 2-20 


mh 


fiHx mA 

0-24 X 9-3 = 2-24 
0-24 X 9-7 = 2-34 

0-24 X 8 r -6 = 2*06 
0-24 X 7>6 = 1-8 
0-24 X 7-7 = 1,’88" 


Mean 2*06 


0-24 X 7 } ^1-7 
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(6) Tables of Measure® E.M.F/s. 

On 19th and 21st October, 1921, 12 measurements 
were made, and are shown collected in Table 1. 

Between 4th September and 18th October, 1921 
33 measurements were made, and are shown collected 

in Table 2. , j j i 

The signal E.M.F. cannot, unfortunately, be deduced 

from the values given in Table 2.^ Owing to a miscon¬ 
ception, a mistake was made in the equivalent circm^ 
K being placed in paraUel with C instead of in senes wth 
L and C tr^parallel: the E.M.F.’s obtained from Table 2 
differ from the signal E.M.F. by some constant depei^ 
dent on the values of C and. K. The readings, ^ough 
dsejess for determining the valr»es •of the signal E.M.F., 
are*perfectly valid for comparison purposes. 

(7) Measurement of the^Effective Height of the 
Aerial^ 

In order that the value of die incident magnetic or 
electric field may be deduced from the measured E.M.F. 
in the aerial, the effective height of the aerial must be 

determined. . . i ^ 

Suppose the distribution of cunent in the up-lead of 




Current 

If 

io*omA 

A 

19-S 

(i 

19-5 

p 

Z2r*0 

E 


F 

22-d 

G 

^•5 

n 

23-5 


F¥5 


Fig. 6. 


effective height was determined by comparing the 
E.M.F. set up in the aerial with that set up in a loop,; 
the transmitting station bemg^the same in each case 
and situated 1 000 m N.W. of the aerial. 

The comparison was not made audibly, but by using 
a form of the author^ thermionic voltmeter actuated 
through a two-stage amplifier connected across the 

aerial tuning inductance. . , ^ . x- xi. 

The method of measurement consisted xq. noting tne 
voltmeter deflection produced by the incoming sign^, 
and then introducing into the earth^ lead an E.M.F. 
of the same frequency and adjusting its magnitude 
until the same voltmeter deflection was produced. 
In this way, as with the Aldebaran experiments of 
the Marine Fran 9 aise, the local E.M.F. is introduc^ 
into the actual aerial circuit, and there is no necessity 
to produce its equivalent. 


the aerial to be as shown in Fig. 4; then the ae^ as 
equivalent to a uniform vertical current of* height 
equal to (area ABCD/CD). In the case of an aerial tovong 
a large-capadty top, the equivalent height approaamaAes 
closely to the actual height of the roof. Under the 
ideal conditions of a perfectly conducting earth gpd of 
no local screening due to currents indu^ in suwounding 
objects, the effective height of the aerial would be equal 
to the equivalent height as defined above. 

The equivalent height of the aerial under considera¬ 
tion was measured by plotting a curve of current 
distribution in the up-lead, determined by ptog a 
thermo-junction at the points marked A, B, C, D, E, E, tjr 
and H in Fig. 6. The resulting curve of current distribu¬ 
tion is plotted in Fif. 6. That a large-ca.pacity top is 
indeed successfpl in producing a sensibly uniform 
current in.tjie up-lead is readily seen from tos curve, 
which shows that the equivalent height (4-8 m) is 
90 per cent of the actual height. 

As fhe bottom 2 m of the up-lead w^re inside a house, ^ 
it seemed^ probdble that the effective height 
be less than 4-8 m, on account o^,local screenmg. The 



15 sr 

Current, in mA 

Fig. 6. 

The local E.M.F. was not introduced through -^e 
medium of a mutual inductance, but by ® 

resistance potentiometer constructed from fine Eur^ 
wire, the current through the potentLorneter^we 
measured by a sensitive vacuo-theroo 
system has many advantages to ofier oyer the-mutu^ 
inductance method, first because it is easier to constract 
a smaU resistance than to construct a small mutual 
inductance of the value required ; secon^y, tte “e^s^* 
mentof very small mutuals is a matter*of no h^e 
difficulty and few formulae are available for escalating . 
th?vai of a variable mutual inductance of suitable 
size and dimensions. The resistance “ 

readiky made with a sUde wire so as to be-^mpMely 
IdjusTable. The local E.M.F. can then f 
vaiying the slide rather than by the amount 
pSig through it. Check measurements 
formed, as with a fixed mutual inductance,iby makmg 
measurements with'different shde cuiyente. 

’ The signal E.M.F. prodiwed Toy 0 * '*2 ^ 

aerial -was measured a€ wave-lengths of 1920 rj. and 
1 020 m. also at I'O^Om with 0-23 A m the sending 
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aerial. The results are shown collected in Table 3. 
Each of the three^tests^was repeated six times, and the 
values tabulated are thd' mean of the six readings: 
in no case did a reading depart more than 2 per cent 
from the mean value given. 

Fig. 7 shows voltmeter deflections plotted against 
the value of the locally impressed E.M.F. This curve 
was taken directly after the test at 1 920m wave* 
length, and,'"as it is a straight line through the origin, 
it shows that np E.M.F. was* introduced through any 
other path but the potentiometer. Similar •‘curves, 
equally good, were taken after each of the 1 020 m 
wave-length tests. 


Table 3. 


VVave- 

Transmitting 

current 

f' 

^Mean 

voltmeter 

reading 

Received 

E.M.F. 


1 920 . 

^ 0*4 

v 

,.1*01 

mV 

1*11 

6-36 X 108 

1020 

0*42 

1*63 

2*15 

6-26 X 10® 

1 020 

0*23 

l*4ff 

1*2 

6*3 X 10®; 


No^e .—The amplifier adjustn^ent was different in 
each .case. 


Table 3 shows that for the same transmitting current 
the received E.M.F, varies inversely as the wave-length, 
and that the E.M,F. for the same wave-length varies 
directly as the transmitting current. This shows that. 



Fig. 7. Fig. 8. 


The E.M.F. set ujfin an aerial from an aerial is given 
by the formula 




188 hghflg 


volte, 


and the E.M.F. set up in a loop from an aerial is given 
by the formula 


_ 1cos a 

- 


volts 


where A is the area of the loop and a is the angle 
between the plane of the loop and the direction of the 
transmitting aerial. 

If jlg is the sendjpLg^current when receiving on the 
aerial, and is the sending current when receiving*' on 
the loop. A, d and hg being the same in both cases, we 
have 

, _-^a cos a 

188 XiV 

In the particular case Considered .4 = 130 m^, 
a = 36®, and A = 1 020 m, hence hy. = 4*26 m. 

The effective height is thus found to be 89 per cent 
of the equivalent height and 80 per cent of the ^tual 
height. 

The loop being formed from the aerial, the screening 
effects obtaining in each case are the same. It was 
impossible to erect a transmitter in the direction of 
Horsea, but as the ground in the immediate vicinity 
was more open in the Horsea direction than in the 
opposite direction towards the transmitter, the value 
found for the effective height is more likely to be 
slightly too low than the reverse. 


(8) Field Strength produced by Horsea, and thS 
Correction Factor for Absorption. 

Table 1 shows that at 3 000 m wave-length the E.M.F. 
set up by Horsea in the aerial Can\jDridge was 
between 4*6 and 6*6 mV, the effective height of the 
recei'Sijing aerial being 4*26 m. This corresponds*’to a 
field strength of about 0*012 mV per cm. 

It is believed that the Horsea aerial has a capacity 
of 4 900 that the height of the roof is about 
130 m, and that the effective height is 113 m 

Under ideal conditions of a perfectly conducting 
earth and no absorption of the wave from any causes, 
the electric field intensity set up is given by the formula 


at any rate between 1 000 m and 2 000 m wave-length, 
the effective receiving height is independent of fre- 
queney. 

The receiving loop was constructed by removing 
one of the two wires forming the top of the aerial, 
and bringing a wire from the far end down the^mast 
and back again along the ground to the instruments. 

The current in the transmitting aerial was 0*43 A 
at a wave-length of 1 020 m, ahd the mean voltmeter 
reading frcCn seven signals was 0 * 83 V, with a maximum 
dep^ure of 2 per cent from tfie mean. 

Fig. 8-shows voltmeter readings plott^ against local 
E.M.F. (as in Fig. 6), from v^hich it ma^ be seen that 
thS signal E.M.F. was 0*34 mV, 




—— volts per cm 


In the present case d — 178 km, A = 3 000 m, and 
Ig =r 60 A, so that the electrical intensity under such 
conditions would be 0*02 mV per cm; the intensity 
actually measured is exactly 60 per cent of the 
ideal. At a wave-iength of 4SP0m and the same 
transmitting ciurent, the electric intensity would be 
0*0136 mV per cm. The E.M.F. measured for this wave¬ 
length (on 19th October, 1921) was 2* 9 mV^ correspond¬ 
ing to 0*007 mV per cm, so that the correction factor 
for absorption is in this case 0*62. 


* For these figur^, and for the values of the sending currents, 
ihe author is indebted to H.M. Signal School, Portanoum, tfirough 
the Wireless Tdegraphy Qoxnmiswon. * 
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A correction factor of as inncli»as 0*6 for such a 
comparatively short overland transmission may seem 
rather surprising, but is nevertheless npt without 
precedent. The e^cperiments of Reich in 1913 between 
Cologne and Gdttingen*—a distance of 216 km—show 
a correction factor of 0* 61 at a wave-length of 3 000 m, 
and a correction lactor of as much as 0*4 at 2 000 m 
wave-length. Austint records a case of a transmission 
at 1 000 m wave-length over a distance of 83 km over 
land, in whic];i the correcting factor was 0*46. In both 
the casea cited above the method of measmement 
was with a thermo-element placed in the aerial. It 
is of interest to note that the Austin-Cohen formula 
for oversea transmission gives ^ jjorrection factor of 
0-8^ and the Fuller formula about 0*88. By com¬ 
parison with these a correction factor of 0*6 for 
overland tsansmission does not seem undnly great. 

It would be interesting' to discover whether the 
absorption is due mainly to the passage over the first 
(hilly) half of the path. If measurements of Horsea 
could be made at the National Ph 3 rsical Laboratory, or 


aural compaf?iSon, and for comparing signal strengths 
on difierent days or during the passage of a single day. 

Reference to the Horsea log. {oWned several months 
after the measurements were fimshed) shows that th^e 
were only two occasions measured on which tlie sending 
currents differed appreciably. 

These occurred on 11th and 14th October, and the 
results are given in Table 4 for ease of comparison. 

It will be seen from this table that ^e E.M.F. 
measured varies almost ’ exactly as the transmitting 
currents the extent of the departure from the mean 
value indicates that the accuracy of the aural com¬ 
parison must be of the order of d- 6 per cent. In the 
case of Vallauri’s measurements there is a departure 
of about 12 per cent from the mean in each group of 
signals recorded. The observations of the press signals 
(X s= 4 500 m) on each of four ^nsecutive nights show 
a variation of 5 per cent from the me^.» So ^^to 
minimize risk of subconsciously adjustmg the local 
generator until the galvanometer reading coinaded 
with the previous observation, the galvanopieter was 


Table 4. 


Date and time 

Wave-length 

X 

Transmitting 

current 

I, 

Kilt 


MiZJU 


UA0/2I 

2100-2122 

i4A0/a 

1910-1922 

2 600 

2 600 

A 

38 

62 

0-18 X 7-6 = 1*36 

0-48 X 4 = 1-9 

0-48 X 6 = 2-4 

360 

600 

460 

iiAo/a 

2140-2200 

3 000 

36 

0-18 X 9-6 = 1-66 

0-48 X 3-6= 1-68 

460 

466 

14A0/21 

1.946-1966 

214(f-2200 

3 000 

3 000 

60 

61 

0-18 X 9-8 = 1-76 

0-48 X 6 = 2-4 

0-48 X 4*7 = 2-2 

3r46 

480 

430 


some station in that vicinity, they would be very in¬ 
structive in this respect. 


(9) Probable Accuracy of Aural Comparison and 
Evidence of Diurnal Variation in Signal 
Strength. 

The observations given in Table 2 cannot, i^nfor- 
tunately, be used to determine the value of the field 
strength, because, as explained before, they give the 
value of the E.M.F. required to produce the correct 
copy of the signal in a circuit that was not the 
correct.copy of the aerial; they are too small in some 
ratio depending on the frequency. This ratio can be 
determined for the case of the 3 000 m wave, because 
there were many observations made with both the 
correct and the incorrect circuit. Unfortunately, as no 
more signals of 2 600 m wave-length were sent, the 
conversion if actor could not be found for this wave. 

The observations of Table 2, though useless for the 
actual determination of signal strength, are nevertheless 
perfectly v^ilid for analysing the probable accuracy of 


♦ PHysikalische ZeUschrift, 1913, yol* 1^» ^ 

t Bulletin of the Bureau of Siandardst 1911, vol. 7, p. 


315 . 


re-suspended and the scale distance altered before tihe 
measurement of the press signal on 6th Octo^, ^ 
calibrated after the determination of the si^l E.M.^. 
In spite of these alterations the observations on 4th 
and 6th October agree very dosely. With the same 
end in view the filament and anode voltages of the 
local generator were several times altered in <ader to 
change the relation between the output of the generator 
and the adjusting resistance placed in the anode circmt 
{see Section 4). 

' In each of the two all-day observations (on 6th bep- 
tember and 9th October, respectively) the extent of -toe 
departure of observed E.M.F. from the ™ean value 
fotmd seems to have some rdation to the hour of 

obserwation. , , ■ ■■ 

The percentage variation from the mean, plotted 
against time of observation for these two da^^, is 
shown in Fig. 9. It c'an be seen that the variations 
from the mean do not pccur in a ra,ndom iha^er like 
mere errors of observation. In tiie early part of the 
day the signals are always stronger than the mean, 
and vice versa; also, the two curves, taken six weeks 
♦ See Table 2. 
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apart, have the same general characfisristics. The 
‘’difficulties and errors inherent to aural comparison 
are too great to allow very much reliance to be placed 
on these curves of temporal variation of signal strength; 
but they nevertheless suggest that a regular diurnal 
variation is observable even over comparatively short 
distances, such as 100 miles. Further observations 
on this point would be of much interest. 

(10) Comparison of Measurements made with 
Different Mutual Inductances# 

Tables 1, 2 and 4 sliow that the measurements of 
the same signal with different mutual inductances 
never agree exactly; that of 0*48 /x-H is always from 
20 to 30 per cent greater than that of 0*176 jitH, and 
20 per cent greater than that of 0*77 //.H. 

This discrepancy naturally suggests that there was 
S(OTe other small path by which some part of the signal 
was introduced^ but the author believes that this was 
not the case, for the following reasons. First, tests 
were made repeatedly to see if the local E.M.F. was 
audible'without the introducing key B (Fig. 3) being 



pressed ; in no case could any sound whatever be 
heard on the equivalent circuit, and only a very shght 
trace on the actual aeriak Secondly, the mutual induct¬ 
ance leads were occ^ionally crossed over and this second 
determination was always in complete agreement with 
the first. 

The discrepancy is presumably due to the calculated 
value of the inductance being incorrect (probably due 
to more than one turn being used), or else to the 
existence of a capacity coupling in addition to an 
inductive coupling between’ the coils of the mutual 
inductance. 

The value of each mutual inductance has been 
measTjiied and found to be approximately the same as : 
that calculated, but the possible accuracy of the 
measurements was not sufficient to determine with 
certainty the ratio between them. 

The formula used for calculating the value of the 
mutual Inductance is 

M = 4wa^log^^ — 2^nin2 cm 

where a is the radius of the circle, 

d is the distance between the planes of the two 
circles, and 

and are the number of turns in each coil. 


Particulars of the^four mutual inductances are given 
in Table 6. 

(11) CONCLUSIONC 

Although aural cofaparison is undoubtedly capable 
of yielding consistent results, it is* a most difficult, 
laborious and tiring operation. Now that thermionic 
valves are so perfect and .easy to use it seems almost 
unnecessary to resort to aural comparison, since a visual 
apparatus can. be readily arranged and used. Examples 
of both methods have been given in the fapelr, and the 
accuracy and advantages of the indicator method are 
too obvious to need detailed description: the absence 
of the necessity for £ heterodyne is in itself a tremendous 
gain. 

For measuring extremely weak signals the aural 
method may* be the only nne available, but that the 
visual method is capable of considerable sensitivity 
the following example will make clear. 

It has been seen that it isj^easy to measure an E.M.F. 


Table 6. 


Designation 
of mutual 
inductance 

a 

d 



Value 

1 

cm 

3*76 

cm 

0*63 

2 

1 ^ 

fdi 

0*180 

2 

3*76 

0*32 

2 

2 

0*48 

3 

6 

0*6 

2 

2 

0*78 

4 

2*9 

0*38 

3 

1 

0^23 


of only 0-6 mV in an aerial-of very high resistance; 
greater sensitivity can of course be obtained iSy using 
more than a two-stage amplifier, bujb the nveasurements 
then become difficult unless the amplification is obtained 
by several aperiodic stages. If, as has been suggested,* 
a balanced rectifier is used as the final indicator instead 
of a direct-calibrated thermionic voltmeter, an addi¬ 
tional •sensitivity of at least 60 times can be obtained. 

If an aerial 42 m high (10 times the height of the 
Cambridge aerial) is available, by no means an impos¬ 
sible height for a ship aerial, then, according to the 
Fuller formula, Horsea with a wave-length of ^6 00(X m 
would produce in it an E.M.F. of 0*26 mV at a distance 
of 2 600 miles. Consequently it is possible to proceed 
right across the North Atlantic with a visual indicator 
and measure continuously the signal E.M.F. from even 
a comparatively small station like Horsea, 

Should an expedition be arranged for the purpose it 
could hardly fail to get most valuable and accurate 
information on the relation between absorption and 
distance and also on twilight effects. 

♦ E. B. Moullin and L. B. Turner : “ Tfie Thermionic Triode 
as Rectifier,” Journal 1922, vol. 69, p. T06. 
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TELEPHONIC REPEATERS AND LONG DISTANCE TELEPHONY. 

By J. A, Cooper, Student. 

(Abstract of paper redd before the South Midland Students’ Section, nth January, 1922.)- 


Summary. 

The paper reviews the development of long-distance 
telephony and shows the great improvements effected by 
ijie introduction of telephonic r^jpeg^ters employing ther¬ 
mionic valves. 

Improvements of greater importance introduced up to 
April. 1921,^ when the paper was written, yrere made by 
the use of the microphonic transmitter, hard drawn copper 
wire, loading, cable balancing, phantom circuits and the 

triode repeater. « ' 

The repeater is defined an4 is shown to have the follow¬ 
ing advantages: it increases the telephonic range and 
makes possible the use of finer wire or underground cable. 
From a consideration of the theory of the triode it is sho^ 
that hard valves are preferred because of their longer life 
and greater stability* 

Post Office tests for magnification, speech, stabihty, life 
and characteristics are described, and results of some 
experiments are given. . , 

An account of the Edison, single-rela,y and double-relay 
systems is ^ven, and the difficulties encountered in their 
designs are indicated. The double relay is shown to be 
preferable on the grounds of adaptability and simplicity. 

Results are given, indicating that if repeaters were 
inserted at intervals equivalent to 16 miles of standard 
cdble or telephone lines an improvement of 15 to 20 m.s.c. 
would be brought about, 

Witlf regard* to cost it is stated that a single repeater 
cosl^ £6f) a year to maintain but leads to economy, e.g. a 
saving of £16 000 a year on London’s main trunk lines 

alone. , ,, ^ , j. 

Some indication is given as to the probable development 
of lofig-distance telephone systems. A forecast of ^0-lb. 
trunk lines,^and transcontinental and transoceanic telephony 
is made. 

References are given in the Appendix. 


Introduction. 

The telephone engineer regards his long-distance 
circuits as long-distance power-transmission lines. 
These lines may vary in length from 2 000 miles to 
(theoretically) infinity. Unlike ordinary power lines 
the telephone circuit carries a current of varying fre¬ 
quency, the frequency depending upon the speaker’s 
voice. Again, a few micro-watts are sufficient to actuate 
a. telephone receiver, and to obtain this power at the 
receiving end a few Uiilli-watts must be generated by 
the transmitter. ^An efficiency of less than 1 per cent is 
indicated. •Tji deaUng with a telephone line five factors 
have/to be considered, idz. resistance, insulation, 
capacity, inductance and its liability to cause, or be 
affqcted by! cross-talk and other outside disturbances. 

All these^factoife arel intimately connected with each 
other. For obvious reasons telephone lines have to 


be run very close together, and this leads invariably to 
mutual induction or cross-talfi:. It is of the highest 
importance that cross-talk shall be eliminated and 
contractors have to make sure that: ‘'In any com¬ 
pleted section of (balanced telephone) cable, the amount 
of cross-talk between any two circuits shall not exceed 
that due to 40 millionths of the .current entering the 
cable at the sending end as measured on a standard 
cross-talk meter.” On overhead telephone lines, and 
in unbalanced cable circuits, the cross-talk^ may be 
10 times as great as that on unbalanced cables. How¬ 
ever careful the contractor may be, cross-talk is in¬ 
evitable unless the current generated by the transmitter 
is kept at a low value. Hence the importance of 
resistance and insulation. 

Insulation is also made important by the fact that, 
if it is faulty, noises on the telephone will result. 

Capacity attenuates the amplitude of the telephone 
speech currents. To avoid this, inductance may be 
added, but the addition of inductance also implies the 
addition of impedance, so that only a certain amount 
is allowable, . " j 

There is a sixth factor, which the lay mind would 
probably hold to be of first importance, namely cost. 

Copper must be used for telephone wires, and because 
of this, if for no other reason," heavy wires cannot be 
used in order to reduce the resistance. 

Some of the difficulties which have always co^ronted 
telephone engineers having been indickted, it is of 
interest to consider how they have been overcome: 
The problems of increasing the range and reducing the 
cost of the telephone have been studied for over 40 
years. Improvements have, up to the present time, 
been made in six stages. The original Bell telephone 
was limited in its range of operation by the small 
amount of current generated by the transmitter. The 
first developments were the introduction of the"inicro- 
phonic transmitter and improvements in the receivers. 
Then, in the late ’eighties, hard drawn copper wire 
dame to be used, and our chief cities and London and 
Paris were soon linked up by telephone. Telephone 
engineers fiirst sought to eliminate transmission bosses 
and to make their lines efficient. 

Ten years’ experience brought them to the third 
stage/^viz. the introduction of ” loading,” i.e: the inser¬ 
tion of inductance into the telephone circuit. Loadkig 
may be of two kinds, (1) coil loading, and (2) continuous 
loading. Coil loading "is the introduction into the 
circuit of coils of wire wound, as shown in F5g. 1, upon 
^ soft-iron core. These coils are introduced at care:^plly 
calculated intervals on^loj^g lines, their number and 
spacing depending on the nature and length oi the 
circuit. Continuous loading is effected by the winding 
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of soft iron wire or strip over the cojf^r conductor 
Jbefore annealing. 

Annealing coats the** irm with a light film of oxide, 
and so to some extent insulates it from the wire. Con¬ 
tinuous loading is not quite as efficient as coil loading, 
but both are important. 

Loading made speech practicable over three or more 
times the distances previously possible. In 1913 the 
fourth stagp of development was reached, when cable 
balancing, which will be referred to later, was introduced. 
Quickly following it came the introduction of the ther¬ 
mionic valve incorporated in the telephone repeater, 
and, concurrently, came the discovery of ** phantom 
circuits ** Which, it has been found, may be coil-loaded 
and fitted with telephone repeaters. When two separate 
circuits are used, each as a conductor, a phantom 
circuit is produced, the first two circuits are known 
P^3^^cal ” circuits. Thus, four physical circuits 
give rise to a total of seven circuits, three phantom 
circuits being possible, since two may be utilized to 
produce*^ third. 



'At the present moment phantom circuits, repeaters 
and cable balancing are being rapidly developed, and 
experiments are being made with ''wired wireless.'' 
Two comparisons will serve to indicate the progress 
that has been made. Our first long-distance telephones 
worked over distances of 100 to 200 miles. To-day it 
is possible to telephone to San FrandLsco from New 
York, a distance of 3 400 miles. Loading and repeaters 
Kave made this distance equivalent to 60 miles of stan- 
dard cable.* The original telephone wires weighed 
800 115? per mile. The New York-Chicago cable is an 
aerial cable weighing 9 lb. per foot, and is 2| inches in 
diameter. 

It is supposed to contain 206 pairs of conductors, 
the weig^it of which does not exceed 40 lb. per mile, 
and may be as low as 20 lb. It follows a circuitous 
route of over 800 miles. 


Telephonic Repeaters. 

Having sketched the development of long-distance 
telephony, the author will novT refer in some detail to 
telephonic^ repeaters. A telephonic repeater is an 

cablf paper-insulated lead-coyerefl 

w^ch have loop resistance of 88 ohms per 
mutual capacity (wire-to-wire) of 0*054 uF per 

^00 megohms per mile between wires. 


apparatus consisting of transformers, batteries and a 
thermionic valve, and is used for amplifying and re-tirans- 
mitting cujrents along telephone lines. It has three 
great advantages ; (1) It makes telephony possible over 
long distances; (2) jt enables smaller gauge wire to 
be used for speech currents; and (3) it makes the use 
of underground cables possible for long-distance 
telephony. 

It is obvious thati no mechanical relay can possibly 
be used in a telephone circuit, since it yonld involve 
a time-lag. The relayed current must l\^ve«the same 
form as tiiat produced by the transmitter.^ Therefore 
the only types of relay possible are those in which speech 
currents are used tcj^ inpdify a magnetic or electric fiel^. 
Magnetic control has twice been tried, but has not Seen 
developed commercially. 

Electric control has proved more succckssful. Th^ 
simplest example is the * Cooper-Hewitt circuit, in 
which a mercury-vapour discharge tube is used in 
series with a high-tension battery and transformer 
secondary. The speech currents flow through the 
transformer primary and set up a large increase in 
the tube circuit, which is used to operate the receiver. 

The thermionic valve invented by Dr, J. A. Flemin'g 
has, however, superseded all other forms of relay. If 
a body be heated to or above a temperature of 1 500® C. 
the force of cohesion between its electrons is overcome 
and some are emitted. If it be enclosed in a lightly 
exhausted globe, and if a positively charged plate be 
also enclosed in the globe at a little distance from the 
hot body there will be a flow of electrons to the 
positively charged body. If the difference of potential 
between the two be maintained at a sufficiently high 
value, the electrons will acquire so high,^a velocity th^ 
they will split up into positive and negative iops any 
molecules of gas with which they may come into coqjbact. 
The latter will increase the flow of current betil^een the 
hot body and the plate, but the positive ^ns will dis¬ 
integrate the hot body by their bombardment. Since 
the ^ot body is usually a filament, the disintegration 
shortens the life of the valve considerably. ^ The valve 
is rendered unstable also by the absorption of the residual 
gas molecules by (probably) tiie glass,' and the vacuum 
is thus. increased. 

It is obvious, therefore, that soft valves cannot be 
made or maintained identical in any quantity. By 
reasqp. of their greater stabili'ty and longer life, hard 
valves have come to be used most widely in repeaters. 
These have a vacuum of 10-8 mm of mercury, and, 
by suitably treating the parts, can be made very stable 
since occlusion is prevented and ionization is impossible. 
They are capable of a greater power ou'tput than soft 
valves, and are independent of the external temperature. 
The modem valve contains three electrodes, the third, 
known as the "grid," being perforated and placed 
between and insulated from tm filament and plate. 
If a negative charge be placed on thi^grid it wiU repel 
the electron flow and prevent it reachijig the plate. 
If it be positively charged^ it will assist the flow to the 
plate. Varying charges on the grid will clearly result 
in var 3 dng filaroignt-plate currents. The speech 6urrpnts 
in the telephone circuits are transfofmed tfp and used 
to vary the grid potehtial. 
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Two equations may be given liere^ The first is due 
to Psofessor O. W. Eicliardsoii ajid is 

wnere N = number of electrons .emitted per square 
centimetre of hot body per second; 
a and b are constants; and 
T = absolute temperature of the body. 

The second is due to Dr. Langmuir and is 

J = A{V + 

•where V = voltage of plate, due to the high-tension 
battery; ^ 

V « voltage of grid, due to the ^d battery; and 
A and B are constants depending on the con- 
structipn of- the valve. 


Leiben-ReisC^relay.—T^ relay has two umque fe^ 
tures. The anode and cathode are. 4 inches ap^ 
instead of the usual \ inch or ^ idcb. A small quantity 
of mercury amalgam is enclosed in -Uie coolest part 
of the tube and is used: (a) to reduce the resistance of 
the discharge path by mercury -vapour: (&) to maintain 
constant pressure; and (c) to carry the elecirens ^d 
avoid occlusion. The valve is used in a circuit simil^ 
to that employed for the present-day hard valve, with 
the exception that the high-tension arcuit has a resist¬ 
ance in It which limits the discharge. 

Round Two important properties of ^s 

valve are: (1) The plate surrounds the grid, whi^ 
again surrounds the filament, and in this way the 
electrification of the glass is said to be prevented; and 
(2) a small piece of asbestos sureounded by a heater 
coH is used to soften the vacuum when required. 


Table 1. 




speech Tests 



Type of Valve 

Magnification 

Improvement 

Articulatioii 

stability 

Lag 



One direction 

Duplex 




Audion 

Output does not 
bear a definite 

relation to input 

in.s.c. 

8 (with 1 
v^ve) 

25 (with 2 
valves) 

30 (with 3 

m.s.c. 

10 

Good 

Very stable 

Nil 




Leiben-Reisz 

Test not made as 
valve unstable 

valves) 

22 

Good when 
valve ad¬ 
justed 1 

Good 

Very un¬ 
stable 

16 mins. 

Round ... 

Good 

28 

22 

Very stable 

3 secs., (in¬ 
creasing 
with age) 


Post QfSce low vac¬ 

Large 

26 to 30 

— 

Good 

Good 

Nil 

uum 

P.O. hard .. 

Greater than with 

— 

26 

Very clear 

Extremely 

stable 

NU 


soft valves 




— 


life, ia hours 


1 000 

(given by 
makers) 


1000 
(given by 
makers) 
Upwards of 
600 

200 to 600 

Not tested 
longer 
than soft 


It is clear from this second equation that if v is main¬ 
tained negative by the grid battery, small changes in 
current value transformed up will cause large changes 
in the value of v, and hence of I, the plate current. 

Soft Valves and Telephonic Repeaters. 

Pour types of soft valves have been applied to 
telephonic repeaters and tested by the Post 
natnely, the audion, Leiben-Reisz, Round and Post 

0£&ce low-vacuum yaJ^es. , , 

This consists of a three-stage resis;toce 

ampUfier. Xbe s^ech currents are stepped ^ 

26: 1 transformer and are used to vary the potential 
of the first of three valves in Cascade. The high-tension 
battery-supplies 60 volts and the J^gh-tension current 
is used Jo opf^rate the receivers through a 4 :1 step-down 
transformer. 


Post Office low-vacuum uatoe.—This m si^^^ 
Round vilve, but is larger, with a 
greater magnification with ordinary speech currents.. 

Post Office Tests on Valves. 

The valves have been subjected to five c&ss«s of 

m’ Magmficaiion.-nA^ is the ratio of " Outyut of 
the rel&y niicro-watts » to » Input to the i^y. m 
raicro-^tts.” To test the magnification an altematpr 
rS^tosupply current at speech freqpmcy, and a 
“o^acSve Sfetance absorbs the amplified current. 

The results are expressed graphically. 

% fesfa.--ThesS are made on from 30 to 60 

AiiS of stjmdard cabl^-. Tfee trans^on J 

' compared with a direct dlcuit, (a) with, ^d (6) ^ V ' 
Sr?e^ater working. ' Th% difference between (a) affd 
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(6) gives the improvement due to the relay, expressed 
in miles of standard,cable. The improvement is meas¬ 
ured with the repeater ^working (c) in one direction, 
and {d) in both directions. 

(3) and (4) Stability and life tests, —^The repeater is 
run continuously until the valves burn out or until the 
ef&dency falls below a certain value. 

Periodical tests are made to ascertain the efficiency 
and the stability of adjustments. 

Table 1 gives^ the results of Post Office tests.* 

Lag tests are^ made to determine the time ^required 
to reach full efficiency after the filament battery has 
been switched on. . This time should be very short so 
that (1) the filament is lighted only while speech is 
taking place, and (2) the life of the valve shall not be 
shortened by useless burning. 

(6) The d.c, characteristic is determined and recorded 
ar ^ graph. To obtain the points for this graph the 
currents across the input secondary and output primary 
are meajsured by means of a reflecting galvanometer 
for varjdng grid potentials brought about by a potentio¬ 
meter. " The galvanometer records on a sensitized paper 
attached to the potentiometer sliding contact. 

Results of tests made with a hard valve in 1917 are 
,given in the table, together with those made with soft 
valves. 

Hard Valves in Telephone Repeaters. 

The. Post Office is at the present time using hard 
''.French*' valves almost exclusively in its repeaters. 
Two forms are being tried—^the B.T.H. valve and a 
valve in which the grid and plate are both spirals of 
wire (enabling them to be thoroughly heated during 
' manufacture to expel occluded gas). The advantages 
of hard valves have already been enumerated. There 
are two disadvantages which, however, do not outweigh 
the advantages. They are: (1) The high vacuum 

gives the filament-grid circuit a very high resistance 
and so makes the design of the input transformer diffi¬ 
cult ; and (2) the amplified current being greater than 
that with soft valves there is greater liability to cross¬ 
talk. 

Types of Repeater Circuits. 

• There are two types of repeater circuit—^the single 
relay and the double relay. Both are modifications of 
the Bdison repeater system, in which the speech 
currents pass through lie primary of a transformer 
and induce currents in the secondary and relay circuits. 
The microphone is actuated and produces strengthening 
currents^in the secondary of its induction coil. These 
current^ are led to the centre of the transformer primary 
and, if the impedances of the lines bn the two sid^s are 
equal, they do not affect the receiving coil. 

The sVhgle-relay repeater, —^The way in whv^h the 
Edison system has been modified for use with a valve 

• In this table all the values unden-the heading “ life ** are only 
approximate. The life given by the makers is probably only a 
rough value; and the author has no information ae to how they 
make their tests. They make no^ statement as to the rate of 
change of efficiency during life tests, so that some part of that life 
may be o^ no practical vsuue. The Round valve was- not given a 
fair test as to its life, and the Post T)ffice low-vacuum valve was 
r^n a^ a high rate while imder test and would probably show a 
higher value under fairer conditions. 


AND LONG DISTANCE TELEPHONY. 

is shown in Fig, 2.* It is important to notice that this 
system requires two conditions, (1) the division otf the 
amplified isurrent at the centre of A, and (2) lines 
electrically equal on each side of A. These conditions 
are great drawbacks in a single-repeater circuit. Thus, 
if more than one repeater be used in a circuit, unless 
the transmission losses between the repeaters absoib 
the amplified current which is “ reflected back " from 
each repeater there will be an " epho" effect and 
repeaters will re-amplify and re-transmit the currents 
already amplified in the repeater ahead gir the line, 
thus making speech impossible. Again, if only one 
repeater be used, condition (2) requires that either 
{a) the repeater shgll J^e at the electiical centrd of tlje 
telephone line, or (b) an accurate artificial balance bhall 
be arrived at for the lines oh each side of A. These 
requirementar are very difficult to obtain in practice, 
but unless they are qbtained the valve circuits will 
oscillate, and the valve will “ h 9 wl ” and drown all 
speech. Consequently the gingle-relay repeater is very 
little used, being confined to underground cable dremts, 
since’aerial circuits cannot be balanced. 



Fig. 2.—Single-relay repealer (19lB). 


A modification of the single-relay repeater is worthy 
of consideration, but the author is not aware that it 
has yet been tested commercially. It has been developed 
by Herr van Kesteren, a Dutch telegraph engineer. 
His scheme of connections is shown in Fig. 3. Imagine 
the speaker to be at X' and the person spoken to 
at X' is connected to X and Y' to Y dther (a) 
through a direct, single pair of wires, or (6) through a 
transformer. Speech currents arriving at X divide, 
one portion passing through the amplifier A and on to 
Y and the other being stopped by the amplifier B. 
The first current will continue beyond Y and tend to 
return to X, so that it is essential, in order to avoid 
" echo " or " reflection," that the circuit shall be suffici¬ 
ently long, to enable any excess current to be absorbed 
by the trp.nsmission losses. SoT&ng as this is the case 
the circuits are stable and, as no bal^cing is required, 
the repeaters can be made highly efficient.* With such 
a four-wire circuit the weight of trunk lines in the 
British Isles might be reduced to 20 lb. per mile, if 
loaded and stipplied with repeaters at Intefval^ of 
60 miles. Theoretically the^e is no liftiit^o the distances 
over which speech ,jnay be made possible by the van 
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Kesteren system. Experiment has shown that it will 
reduce a circuit 90 m.s.c. in length to 15 m.s.a 
{further reduction would result in echo *% Speech 
over a distance equivalent to 16 m.s.c. is loud. Now, 
New York to San Francisco is a distance equivalent to | 
not more than 60 m.s.c. without repeaters (the actual 
distance is 3 400 miles). This shows that loud speech 
over a distance of, say, 6 000 miles is a practical proposi¬ 
tion and, since the four wires necessary may be compara- 

The doubleJlay repeater. 

relay repeater is given in Fig. 4. It ^ be seen toto 
it consiste essentially of two stoglVretoy repeaters with 

i toe addition of two artificial ^b® 

incoming speech current is amplified by one valve 
» to th. ..tgolhg Ci.c»t 
former in toe plate-filament arcmt. As ^fj*® 
repeater circuit, toe current 

transformer of toe second relay and passes parijly through 



Fig. 8.—Van Kesteren’s system. 


tively thin, cost is not a prohibitive factor. There 
practical difficulties, however, which make it doubtfffi u 
the widespread introduction of a four-wire trunk system 
is practicable at the present time, although there is a 
\wde range of a^iplication open to it. The system hM 
the disadvantage that, unless a four-wire junction m 
availably when two van Kesteren circuits are to be 
joined together, the total impedance will make them 


the Une balance and partly along toe Ime. ’’ 

and “ down ” circuits are separated by toe 
and, if the artificial balances are made 
accurately, “howling” wiU be impossible. Due to 
this arrangement it is probable, however, ^t toere 
will be different efficiencies ip different dir^o . 
The artificial balances referred to are comb^ti^ of 
resistance, capacity and impedance arranged to reprd- 



equal to toe sum of toeir standard cabte equivalents, 
to the case of toe balanced system with double-relay 
repeater (to be described later) this is not so. 

metoer the van ISiSteren system will ever be used 
commercially on 4 large scale is a 
The author .gathers that British Post Office 
engineers are more in favour of the development of more 
perfect balance in the double-relay repeater. This 
r 5 .ay has tod great advantage that it cap be introduced 
into toe emstinr metallic ctecuit system without 
requiring the erection of new lines^ 


duce exactly the electrical conditeons tod 

toe lines to which they are connected. They are 

from toe results of experiments and 

at the repeater stations. The method of osculation 

given in Professor A. E. KenneUys book to TJe 

AppUcation of Hyperbblic Functions to Electrical 

l^gely upon the design of to® transformers, -the 
'S traLtotion of wfficii depends upon, toe ^P®^^ 
of the line and the app^xent resistance of th 
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Since this resistance is very high the nl^ber of turns 
in the transformer secondary is also very high for maxi¬ 
mum efficiency, but" foo^great a number leads to a 
reduction in the clearness of articulation owing to 
capacity effects in the windings. Attention has already 
been drawn to this disadvantage. The double relays 
also suffer from the disadvantages of multiplicity of 
apparatus, and it is not possible to signal through them 
by means of a magneto without suppl 3 dng additional 
relays. However, the Post ^Office hopes to evolve a 
system of signalling in which a current of such fi;pquency 
will be employed that the repeater will transmit signals 
as it does speech currents. Such a system wotild 
mi n imize both delays and the quantity of apparatus 
necessary. 

Some few figures in connection with the present-day 
repeater may be of interest. The ratio of the input 
(sjep-up) transformer is 40: 1, and that of the output 
(stei)-down) transformer 10: 1. The heating battery 
is an 8-volt accumulator supplying 0'9 ampere per 
valve. The high-tension battery is of 200 volte with 
an electrcm flow of l-tS mA per valve. This battery, 
similarly to the 6-volt grid battery, may be of dry cells 
or small accumulators. 

Results ,—^The improvement effected by repeaters 
"depends upon the electrical length of the line. A long 
line, i.e. one equivalent to more than 16 m.s.c., has 
a lighter load than a short one and correspondingly 
greater sensitiveness. In this case the improvement 
may be equivalent to from 26 to 32 m.s.c. Short lines 
with their heavier loads and lack of balance (implying 
lack of sensitiveness in the repeater) give an improve¬ 
ment of from 12 to 17 m.s.c. 

It has beefi calculated that if repeaters could be 
inserted at intervals of 16 m.s.c., and the lines could 
be satisfactorily adjusted, an improvement of from 
15 to 20 m.s.c. would be brought about. 

The New York-Chicago and the New York-San 
Francisco telephone lines have already been referred to. 

Cost. 

The question of cost is an important one. It has been 
estimated that a repeater costs £60 a year to maintain. 
This is a higher figure than for loading but the improve¬ 
ments are far greater. The first cost is negligible by 
comparison with the savings effected in line costs, 
.The heaviest item is due to attendance, but a second 
estimate is to the effect that two attendants could easily 
look after 100 repeater circuits, so that this item should 
not be very heavy. On. the other hand, it may be 
possible to save £15 000 annually by the introduction 
of repeaters into main trunk lines radiating from 
London. As old telephone lines become obsolete and 
are replaced, the advantages of the use of repeaters 
should betome apparent in Post Office estimate^. 


Conclusion. 

Post Office engineers have anticipated the day when 
all trunk lipes will be run with a standard gauge conduc¬ 
tor, which will not be heavier thaif 60 lb. to the mile 
and will have an insulg^tion resistance of 10 000 megohms 
per mile. A little later they hope to have one standard 
conductor for all subscribers and local junction circuits. 
They believe that it will be possible to telephone from 
any one point to amy other in the United Kingdom 
and, further, that transcontinental and transoceanic 
telephony will soon be a reality. Already international 
telephony is a reality to some extent, but in the near 
future it is hoped to link up the trunk systems with the 
transcontinental sgid^ transoceanic cables. Franc^, 
Italy, Japan, America and Germany are all using' and 
experimenting with telephonic repeaters and have 
been so doing for some time, bu1> the auther has been 
informed that the British *Post Office leads the field. 
The Post Office is greatly handicapped by a lack of 
sufficient research staff. The present staff is inadequate 
for the work that needs to be done, and the author 
believes that the Post Office is trying to extend the 
Research Department and that it intends to get into 
touch with our Universities in an eivieavour to Secure 
more men of the right sort who will keep us ahead in 
the struggle for efficiency and economy. 

The author would like to express his indebtedness 
to Mr. J. Richardson, the Executive Engineer of the 
Birmingham Post Office, for much valuable'^information 
and advice and for permission to inspect the Birmingham 
repeater office. Lastly, he would like to thank Mr. 
E. T. G. Donovan, the Chairman of the Students* 
Section of the South Midland Centre, for his suggestion 
that a paper should be written on ihe subject 
telephonic repeaters. 


APPENDIX. 

In the preparation of the paper the author has 
consulted the following publications: 

J. G. lIiLL: The Loading of Aerial Lines, and their 
Electrical Constants,** Institution of ,Post Office 
Electrical Engineers, Professional Papers, No. 64. 

-: *' The Loading of Underground Telephone Cables 

for Phantom Working,** ibid,. No. 68. 

A. ]5. Hart : " Telephonic Repeaters,** ibid,. No. 76. 
C. Robinson, B.A., and R. M[. Chamnev, B.Sc. : 

Gas-discharge Telephone Relays, and their ^ippli- 
cation to Commercial Circuits,** and ** Technical 
Developments of Telephonic Repeaters since 1917,** 
ibid., No. 76. 

All the diagrams in the present paper were reproduced 
from these papers. 
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AUTOMATIC AND SEMI-AUTOMATIC RAILWAY SIGNALLING. 

By H. S. Fetch, B.Sc., Student. 

/Abstract of paper Wead before the London Students* Section, 2nd December, 1921.) 


Summary. 

The evolution of railway signalling to meet the demands 
of safety, and later of traffic capacity, has culminated in 
the modem automatic and semi-automatic systems, which 
are Qesigned to overcome the def^ts^of manual working. 
In addition they ojffer valuable advantages, as their use 
permits of increased speeds and augmented services, which 
increase the'full-load capacity of a given lind; while their 
flexibility allows of a ready 'adjustment of traffic control 
to traffic variations. ^ 

An early system using train-controlled switches is briefly 
touched upon, and its wealc joints are noted. 

The track circuit, which forms the basis of all modem 
automatic signalling, is considered in its simplest form, and 
also modified to suit electrified lines. 

Apparatus controlled by track circuits is described, together 
with additional schemes for its safe operation. 

The functions and chief features of semi-automatic working 
are dealt with, and the advantages peculiar thereto are 
pointed out. 

Finally, a description is given of some auxiliary apparatus 
designed to expedite the handling of traffic. 


Introduction. 

The organizSd control of railway traffic came con¬ 
siderably later than the introduction of railways, and 
was^'flr^ carried out solely on a time basis. Signals 
had no definite place in the regulation scheme, and 
were originally used’*for such purposes as stopping trains 
to pick up passengers. It was not until the danger 
of the time-spacing of trains was realized, and the 
block- or distance-spacing system was adopted, that 
signals achieved their present-day position as controllers 
of train movements. 

At first' scattered about as convenience or fancy 
dictated, the operating levers were finally centralized, 
and this, with the introduction of interlocking, formed 
the' genesis of the signal box. 

In 1889 the Board of Trade enforced the block¬ 
spacing system on all passenger lines, and so practically 
completed the development from the standpoint of 
safety. From tliat time onward the progress which 
has taken place has been towards a signalling system 
which, by its reliability and speed of operation, should 
allow of maximum traffic capacity. This has been 
accentuated by elecjpification, the full possibilities of 
which cannot be realized with the manual block system. 

, AdvaIttages of Automatic .Signalling. 

It is irrefutable that the manual block system, with 
its block indicators and complex b^ll si|;nals, is entirely 
dependent -for its safety on the human element and 
implicit obedience to rules. This may be quite satis- 
VOL. 61. 


factory j)rovided the density of traffic is not great, 
but it inevitably results in severe mental stram and 
consequent risks if the traffic density be at all high. 
Such achievements as 50 trains per hour are unattain¬ 
able, The lock-and-block S 3 ^tem, which relieves the 
signalman of a great deal of responsibility, is an advance, 
as trains are rendered in a large measure self-protecting ; 
but full automatic working, which is the logical outcome 
of the lock-and-block system, appears.<» to possess ^fie 
following advantages over its prototype:— 

(a) The elimination of the human element-»^removes 
all danger of fatigue, renders the^ service less dependent 
on labour conditions and, by a psychological effect 
on the drivers, conduces tO consistent high speeds. 

(5) Speed may be maintained on the necessarily 
short sections foimd on dty lines, the delays occasioned' 
by telegraphing acceptance of trains being avoided. 

(c) The flexibility of automatic working allows of 
an easy adjustment of the signalling system to deal 
with changes in traffic density. A few changes in 
wiring will achieve a result in an automatic system 
that would have necessitated, in a manual system, 
a new signal cabin and much fresh equipment. 

Lay-out op Signalling. 

In a manual system a section is always treated as 
blocked unless specifically marked/" clear ** by the 
responsible signalman. The normal position of 'a 
manually operated signal is therefore at danger. An 
automatic si^al is simply an indicator of tlie state-, 
of the section it controls, and its normal position is 
in consequence the clear ** position. It will be 
apparent that, with automatic 'working, trains may 
follow each other at an interval limited only by the 
time taken to traverse tlie longest section on the route, 
due regard being paid to time lost at junctions and 
in stations. The best lay-out of sections is tjbiy^refore 
that in which trains traverse each section in equal 
times, and, as a change in load (i.e. passengers to .be 
carried) will affect the time spent in station sections, 
it is obviously an advantage to be able easily to modify 
the signalling lay-out. 

Bar-and-treadlr System. 

Th^ automatic S 3 rstem which perhaps follows most 
closely on the lines of manual working is the b^- 
and-iieadle ” system. This S 3 retem is now obsolete, 
but it deserves a brief Mescription. 

The equipment for each block section canprises a 
bar and a treadle, which are switches opened ^d 
closed respectively by the pigissage of a train over them; 
a relay; a source of '^electromotive force; an^, of 
course, a signal. The power circuit of the signal Is 

6 
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closed when the relay is operated, and the signal is 
Ahus held in the " clear position. 

V^Hien a section is" dies^, a circuit is closed from the 
battery, through the bar, a front contact of the relay 
(i.e. a contact closed when the relay is operated), and 
the relay coils. The relay is thus locked when operated, 
and the signal indicates ** clear/* 

The entrance of a train into the section opens the 
bar, which placed some 120 feet ahead of the signal, 
and the relay releases, as its "holding circuit is broken. 
The signal poWfer circuit is broken by the release of 
the relay, and, as the bolding circuit of the latter is 
now open at the relay front contact, the closing of 
the bar after the train’s passage does not again operate 
the relay. The signal therefore goes to danger,** 
and remains in that position while the section is occupied. 

• The train passes oif, and in due course releases the 
signal of the next section at the next bar. Some 20 
fee? beyond th^ bar of tlie next section is the treadle 
of the first sectioh. This is closed as soon as the train 
reaches and an operating circuit for the relay of 
the first section is then completed via the battery, 
the treadle, the bar of the next section at normal, the 
signal of the next section in the danger position, 
^d the relay coils. The relay operates, and the front 
"contact again completes the holding circuit, so that the 
signal of the first section is again held clear. The 
operating circuit of the relay is taken through the 
next signal so that the first section shall not be shown 
** clear ** if the next signal has failed to go to " danger.** 

It is clearly important that only the passage of a 
train shall close the treadle. For this reason, treadles 
are usually operated by rail deflection, mercury often 
being employed to multiply the movement. 

The bar-and-treadle system has the serious defect 
that the rear part of a-train wliich has divided due to 
a broken coupling, is not protected, as the front part 
will operate the treadle on leaving the section, so putting 
the controlling signal to clear.** 

The TitACK Circuit. 

The track circuit, which is the basis of all modem 
automatic signalling, had an earl 3 i’ origin, but was not* 
brought into general use until recent times. It is 
called upon to function faultlessly under very severe 
conditions, and does so remarkably well. The funda¬ 
mental principle involved is the continuous protection 
of an occupied section, as distinct from the “ load and 
fire ** action of the bar-and-treadle and kindred systems, 
r Fig. 1 shows the • simplest possible direct-current 
track circuit. One of the running rails is bonded 
contjnucTusly along the line, while the other is divided 
by specTal insulated fish-plates into sections correspond- . 
ing to the signal sections. The sectioned rail is also 
bonded between the section points. • At tlie 'J^exit ** 
•epd of the section a source of electromotive force is : 
connected across the rails through a fairly high resist¬ 
ance. At the entrance ** end'"a relay is bridged across 
the rails,^and this relay controls the signal protecting • 
the section. Any conductoif of sufficiently low re- 
sis?ance,.will shunt the^rel^ and release it iS it is, also 
bridged across the rails. Thdre is a permanent shunt 
^Dcross the relay caused by the leakage path over 


sleepers and ballast, and tlie resistance of this leakage 
path varies from time to time from megohms ^o a 
few ohms,^depending chiefly upon weather conditions. 

Now,^ any given relay has definite operating and 
holding currents, and definite voltages must therefore 
be maintained at its terminals to operate it and to 
prevent it releasing. It will be apparent from Fig. 1 
that, in a given set of conditions, there will be a certain 
value of the ballast leakage resistance which will prevent 
the relay operating with a clear track., This may be 
called the ballast failing resistance * V and, clearly, 
the particular value which will produce failure in a 
given case is controlled by the value of the series re¬ 
sistance. The parl^cujiar ballast failing point for wMc^h 
the series resistance is set is a matter of great importance. 
It must not be made higher than the normal resistance 
of the ballast leakage path, or continual faUures would 
result in damp weather. On the other hand, it must 


—n. Signal A —^ Signal B 



be kept as high as possible, as upon it depends the 
capability of the track circuit to deal with train shunts 
of high resistance. A remedy for track circuits which, 
by reason ot their excessive length or damp situation, 
necessitate tlie adoption of an unreasonably low ballast 
fgilifig point, consists in splitting the section into several 
track circuits each of which exerts control on the signal. 

The resistance of the shunt introduced by the presence 
of a train in a. section must so reduce the combined 
resistance in series with the feeding resistance that the 
potential difference across the rails falls below that 
necessary to hold the relay in operation. For a given 
track tlicre is thus a maximum effective train shunt 
resistance, and this will-clearly %jye its smallest value 
•when tlie ballast leakage resistance is infinite. It is 
important that a track circuit shall"have^the highest 
possible effective train shunt resistance, as train shunts, 
in common with ballast leakage, are very variable, 
being affected by tl^e weight of the trains aftid the state 
of the contact between wheels and rails. 

The connection between the ballast failing point 
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1 .^ --- scries resistance (including battery). 


and the maximum effective train shunt can be shown 
matliematically. 

Let E =- of battery. 

c ^ potential difference at the feeding,point, 

Co — operating voltage of* relay, 

— holding voltage of relay, 

^ maximum potential difierence across rails, 
k ratio 

==5 resistance of relay, 

resistance of ballast leakage path, 

El ==s resistance of train shunt, 

2if^» ballast failing resistance, 

maximum effective ^rsjin shunt. 

{Note .—Rail resistance is negligible if the bonding 
is well carried out.), 

•t 

A (ji-neral cxprc.ssion for e is'x— 

- ^ 


( 1 ) 


“ 1 + ij,[(i/.Rr) •+■ (W + (l/«t)] 

The value of E^ must satisfy the following equation:— 

^ . ( 2 ) 


««i 4- (iiRb')']' 


whence 




B — 6o 




(3) 


From Equation (1) it will be apparent that the maxi¬ 
mum rail potential ,will occur when Bj and B. are 
both dhfinitc, and will then be :— 

... (4) 




i' H- B,(l/B,) 
BRf 

iir "I" 


. ( 6 ) 


Now, the maximum effective train shunt B./ ^ 
!«that resistance which ■will reduce the ti:a<*j^tennal 
from its m'xximum value to the holding P.D. of the 
relay, e*, and .so ju.st release the relay. This can be 
shoivn to be given by the equation 

„ .. ... (6) 

For a given relay, the ratio fixed, and 

substitutfng h for tliis in Equation 
the previously found values for e^, and the nn 

expression for E^^ is :—• 


Eit ^ 


{hB - en)ErRb\ 


“ (1 - kJMb' Bf(-®®») 


(7) 


Since E, and B^'ill have fixed values a given 
trik circuit, it isW that will be ^ 

voll«B» ..f the relay i 

ooL'Sr 


of adjusting a track to the highest possible ballast 
failing point, and also the desirability of using a relay 
the operating and holding qurfents of which are as 
nearly equal as possible. 

Direct-current Track Circuits for Electric 
Railways. 

While the simple track circuit is quite suitable for 
use on steam railwa 3 ^, the proximity of the conductor 
rails on electric lines introduces the probability of con¬ 
siderable leakage currents from the' traction power 
circuits. Such leakage currents could easily produce 
a dangerous failure on a simple track circuit, and 
therefore special circuits have been devised to meet 
this difficulty. One such scheme, the invention of 
Mr. H. G. Brown, employs a pair of polarized relays, 
one at either end of the track circuit, and both of these 
must be operated before the protecting signal can^o 
" clear.*' The relays are operated by current in the 
proper direction only, and any fault 6 r leakage current 
which may cause one to operate will flow in t^S opposite 
direction in the other and so*prevent its operation. 
To secure economy of power, the polarizing-coils of these 
relays are closed by a pilot armature which is attracted 
only when suf&cient current flows in the main coils, 
which are bridged across the rails as before. 

I The Alternating-current Track Circuit, 

This is now generally conceded to be the most eco¬ 
nomical and reliable form of track circuit for electric 
raUways. The following axe some of the advantages 
I which it possesses :— 

(a) Alternating-current apparatus is unaffected—* 
except by magnetic saturation and overheat¬ 
ing—."by direct-currenlf leakage currents. 

(b) Economy in wiring is obtained, due to the ease 
of transformation to the low voltages necessary 
for track circuits. 

(c) A given track circuit will have a higher maximum 
effective train shunt as, in addition to the 
utilization of current-changes, an alternatmg- 
current circuit also employs changes of phase 
angle. 

Alternating-current track circuits are fed at ^e 
ej^end from the low-voltage secondari^ of 
transformers through 

transformers, which are mdividual to the tracl^ ^ 
fed from main transformer, the 

are connected to the signal mams. The ^55 usea 
are nsuaUy of the two-winding type. 
are continuously excited, and the armature 
bridge the rails. The relays are ironless, to mim^ 

working force is smaller tnan.ior 

2 shows a typical a.c. track mrciut scheme 
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A theoretical discussion of the a.c. circuit is 

beyond the scope of this paper, but in 1920 a compre¬ 
hensive paper on'thd subject appeared in the Journal* 

Control of Apparatus by Track Circuits. 

Both electric and pneumatic drive are used for signals 
and points, but on an electric line the flexibility of the 
electric drive makes it by far the more suitable. In 
the all-electric system, the circuits controlling the 
various piSces of apparatus' are usually made and 
broken directly* by the track-circuit relays. «In the 
electro-pneumatic system the track relays control 
solenoid-operated valves, which in turn control the 
admission and release of compressed air to the operating 
cylinders of the apparatus concerned. In both systems 


through track rela^ contacts so that the green lamp 
will be extinguished by the release of the track rel^y in 
the event of the signal relay sticking up. The signal 
relay carries contacts to, control re 5 )eater signals, and 
also th6 signal-on contacts. 

The object of " signal-on ” protection is to prevent 
the marking " clear of a section if for any reason 
the signal of the section ahead has failed to go to 
" danger ” behind ^ train. In Fig. 2 it will be seen 
that the circuit of the feeding transformer of section B 
passes through the back contacts of signal ;C(Sc) and 
front contacts of relay C(Rc) in parallel. Ad's, assuming 
a train to have entered section C and to have released 
Rc, and that for some reason Sc fails to release, tlie feed 
to track B will be Sroken. Consequently, althdugn 



the control circuits are usually fed from the same Tnains 
that feed the track circuits. 

Signals and " Signal-on Protection. 

The simplest signals are those used in tunnels, and 
of thpse 'chere are two general types. The first employs 
separate'^lamps and lenses for the red and green indica¬ 
tions. The other uses one lamp only with an interposed 
spectacle «&:ame, which puts a green glass in frpnt of 
t4.e lamp when raised by a solenoid, and a red glass when 
the de-energized solenoid allows the spectacle to fall. 

In the two-lamp type the l^mps are in a separate 
ventilatedr chamber, and are controlled by a relay 
enclosed in the signal. The r€d-lamp circuit is a local 
one, to.reduce to a minimujjp. the chances of its failure.^ 
The green lamp and the signal'^relay coils are energized 
• Journal 1920, voL 68, p. 491. 


track B may be unoccupied, Ri, is prevented from 
operating and putting Sb ''dear'' until the'feed to 
track B is restored either by the release of Sc or by the 
subsequent operation of Rc when the train leaves 
section C. It will be seen that this is equivalent to 
controlling a signal from two track circuits in the event 
of the second track failing to release its own signal. 

On lines which run in the open, semaphore signals 
are used. In the upper-quadrant pattern the arm is 
raised through 45® by a motor -flfeich drives through a 
magnetic clutch. Both motor and digich are energized 
through tlie track relays, and, when the aim has been 
raised sufficiently, the motor is cut out, lea^ng the arm 
held " clear by the clutch. On the release of the track 
relays the clutcjji circuit is broken, so that the arm 
falls to "danger*' by gravity, the shock beiKg taken"^up 
by an air-cushion. 
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Functions of Semi-automa«cic Signalling. 

The systems of signalling so far dealt with have been 
suitable for sections having only one entraivce and one 
exit. Sections in’^olving choice of route, or where 
shunting operations take place, cajl for a certain amount 
of manual control. Semi-automatic signalling is de¬ 
signed to reduce this necessary manual control to 
a minimum, and so to retain tiie advantages of full 
automatic working as far as it is practicable. A signal¬ 
man is necessary at a junction in order to switch trains 
to their coyect routes, and also to decide as to priority 
when two trains converge toward the same road. By 
limiting his responsibility to these duties, and providing 
Ijini 'ftnth suitable apparatus^ ^lie traffic-handlmg 
capacity of a signalman can be increased to a very 
great extent. 

Leading Features of Sem>-automatic Systems. 

{a) Power coniroL—The control of points and signals 
by power instead of by lods and wires reduces the 
signalman’s work, and also renders the incorporation 
of special schemes of protection an easy matter. The 
fevers in a power signal frame operate switch-drums, 
and are mechanically interlocked among themselves to 
prevent conflicting train movements. Thus, the lever 
of a signal which gives access to points cannot be pulled 
over unless the point lever concerned is in the correct 
position. Further, the pulling over of such a signal 
lever back-locks the point lever, to prevent the move¬ 
ment of the points during a train’s passage. Again, 
the puUing of a point fever to set the road through a 
crossing prevents the pulling of the lever which would 
^et the intersecting road. The switch-drums operated 
by the levers serve, of course, to control the dfcuits 
of tjie various points and signals. 

(6) lUiminated diagram .—^Above the lever frame in 
a semi-automatic ^gnal cabin is mounted a diagram 
of the area of control. The diagram is set out on 
glass, and the various roads are frosted. The roads are 
divided to correspond to. the track circuits, and each 
division is normally illuminated by a lamp behind the 
glass. The lamp circuits are controlled by line, relays 
which serve to repeat the condition of the track circuit 
relays, and the fact that a particular track is clear or 
occupied is therefore shown on the diagram by the 
corresponding section being illuminated or dar^ned, 
respectively. Train movements are thus revealed in 
the cabin by the progress of dark sections along the 
otherwise illuminated tracks. In addition to the track 
circuit lamps, small red lamps are placed on the diagram 
in positions corresponding to the signals, and these 
are extinguished when the signals are *' clear.” As 
these lamps are controlled by the signal relays they 
serve as checks on the signal operation. 

It is usual to in^ilClLte on the diagram one or two 
of the automatic^rack circuits on each line of approach 
to the junction, so that the signalman may have warning 
of oncoming' trains. 

The use of such an illuminated diagram allows the 
sigE^alinan io concentrate his whole attention on the 
lever frames perfliits the placing of the signal cabin T 
out of sight of the trains altogejfher; and prevents | 


the working tlxe junction being interfered vdth by 
fog. 

(c) Control of points .—^In power ‘frame, a switch- 
drum which Controls points has four positions. The 
point lever is capable of moving it to only one of the 
two iuner positions, and in these positions, as shown 
in Fig. 3, the circuit of the point motor alone is completed. 
When power is thus applied to the motor, the bolt of 
the points is first withdrawn, then the blades are 
thrown over and, Anally, the bolt is re-inserted. Power 



Fig. 8.—Circuit of power-operated points. 


is cut ofl from the motor at the end of a stroke by a 
switch-barrel in tlie detection box, which switch-barrel 
is associated with, and controlled by, the bolt. 

The detection switch-barrel is also respoi&ible for 
the completion of the circuit of the indication solenoid 
whicb,^ when it operates, moves the lever svfltch-drum 
to one of its extreme positions. The contact Angers 
in the indication circuit are lifted dear of the detection 
switch-barrel by an aujcLliary device if the point blades 
axe not fully tlirown, so that the fact ^laf'the lever 
gwitch-drum is in either extreme position is a guarantee 
that the points are safe iof traffic. 

It will be observed from Fig. 3 that the indioation 
circuit is taken through contacts operated by the levfir 
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latch, the lifting out of whicJi opens ^he indication 
.circuit, and so causes the lever switch-drum to leave 
its extreme position. will also be noted that the 
indication solenoid has a low-resistance operating coil, 
and a high-resistance holding coil, the object of which 
is economy of power. 

{d) Control of signals .—^The signals used for semi¬ 
automatic working are identical with those previously 
described—^but in this case they must normally stand 
at “ danger.'* Signal lever switch-drums in a power 
frame are coupled direct to their levers, so that the 


points themselves ,paust be safe for traffic before the 
signal circuit is closed. Finally, it will be seen^that 
the control circuit of a signal passes through contacts 
on the line relays associated witlv the track circuits 
to which it gives access. Thus, a signal cannot be 
put to *' clear ** unleSs the section to which it admits 
is unoccupied, and, although put “ clear ’* manually, a 
signal will go to “ danger '* automatically on the entrance 
of the train into the section. 

In order to permit the passage of a train, the signalman 
will first set the road by the point levers, and immediately 



Fig. 4,—Signal circuits at a junction. 


point levers, via the mechanical interlocking, prevent 
the closing of conflicting signal control circuits by locking 
the levers. Fig. 4 gives the signal control circuits 
of* the juhction shown on the diagram and sho^?© that 
the control circuit of any particular signal passes through 
contacts on the switch-drums of any points to which 
the signal gives access, (ifor'"example, the circuit of 
signal Sl^cannot be closed unless points P3 and P4 
ar^ normal and rev^prsed, '"respectively,) As thesp 
contacts- on the point levw drums are closed only in 
the extreme positions of the latter (see Fig. 3), it follows 
tliat not only must the point levers be, thrown, but the 


throw the appropriate signal levers. The signals, 
however, will respond only when all the above conditions 
are fulfilled. 

Fig. 4 also shows the ease with which one lever can 
be made to operate two signalS?^ Thus, signals S5 m 
and S5 b are both controlled by levqjj: 5, the selection 
being dependent on the position of the joints P3. 

{e) Electric YoutC'-looking .—^It is essential for -safety 
that once a train has been admitted to a section con¬ 
taining points it shall not be possible to* disturb^ the 
setting of the road until the sectibn is ^lear# again. 
This is accomplishoi;! in a semi-automatic installation 
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by back-locking the signal levers electrically. Suppose, 
for example, a train to be approaching the junction 
in Fig. 4 along track M. The signalman ^11 set the 
road for it by reversing points P4. He will then throw 
lever 1, which will mechanically lock and back-lock 
points P3 and P4, respectively, and put signal SI to 
clear if the road is clear and the points are safe. 

As soon as lever 1 is thrown, however, the back-lock 
latch will drop into a slot in the s>Vitch-drum, and this 
will prevent the replacement of lever 1 and the conse¬ 
quent freeing^of the mechanical locking of points P3 
and P4, as^e circuit of the back-lock release solenoid 
will be open at signal SI, and at line relay M, which 
will be* released by the presence qf the train in track M. 
•fhe-TOute for the train is thus guarded, and the train 
may proceed along it. 

As soon as it enters track E, line relay E will release, 
thereby opening the circuit*of signal SI (which will go 
to " danger **) and also releasing stick relay No. 1. 
The stick relay is so cklled because it has a locking action, 
and, when it is released, fhe back-lock release circuit 
of lever 1 will no longer be under the control of line 
relay M, so that the clearing of track M when the train 
leaver it will not free the back-lock. 

The train may *tlius traverse the junction track E in 
perfect safety, as the road cannot possibly be interfered 
with. In due course the train will enter track F, re¬ 
leasing line relay F. This makes a further break in 
the circuits* of signal SI and stick relay No. 1, and 
ensures tliat neither shall again operate until the train 
has left the section, which in this case comprises tracks 
E and 

Now when the train has left track E there is no reason 
for maintaining the lock on points P4 and P3, and 
^eir release.will enable the signalman to prepare the 
road &r othA: trains. Accordingly, the operation of 
line reliy E completes the back-lock release circuit 
of lever 1 through a contact previously closed by the 
release of sfick relay No. 1. Lever 1 may then be 
replaced, thus freeing the mechanical locking of points 
P3 and P4. 

When thS train leaves track F, and so passes beyond 
tlie control of signal SI, line relay F will operate, closing 
the operating circuit of stick relay No. 1 if lever 1 has 
been replaced, or putting signal SI to clear if the lever 
is left tlirown. The operation of the stick relay closes 
the locking circuit for itself, and also restores the cojitrol 
of the back-lock on lever 1 to track M. 

It will be apparent that by leaving lever 1 ihro\m, 
trains may be worked automatically through the junction 
from track M. This also applies to the other levers, 
and is a very valuable feature, as, by pulling the necessary 
levers for through traffic, a signal cabin may be left 
unattended, except when switching or shunting opera¬ 
tions are to take place. 

The back-locks oj^Re signal levers are so arranged 
that the levers yay be replaced far enough to throw 
the signals jfco “danger" at any time, but can. only 
be complet^y replaced and so free the mechanical 
locking of the points when this is safe. To economize 
in power, fhe back-lock circuits *are^ taken through 
contact onifche sWitch-drums of their respective levers, 
and these contacts are closed duringj:he mid-stroke only* 


To overcoiue the difficulty introduced by the possi¬ 
bility of a signalman lowering the wrong signal in¬ 
front of a train which approaches on a facing road, a 
sealed release key is provided in the back-lock circuits 
of such signals. The use of this key is rightly regarded 
as a serious matter, and has to be reported immediately. 

Electric route-locking, combined with the continuous 
detection of signals through the points, obviates the 
necessity for facing-point locking bars and is espedally 
valuable in more complek junctions where one signal 
may admit a train to several sets of points, as it com¬ 
bines complete safety with a ininimum of lost time, 
since the locking is removed as soon as this is 
allowable. 

Auxiliary Apparatus. 

(a) Route indicators .—^These are used at complex 
junctions to avoid a large number of levers in the sip»?al 
frame. For example, a single signal lever and signal 
may admit trains to any of a number of platforms, 
the drivers being apprised of the route by the^xhibition 
of an illuminated number below tiie signal. The various 
indicator circuits are dete<;ted through all the points 
on the respective routes to which they give access, 
and each route electrically back-locks the signal with 
which the indicator is associated. 

(5) Magazine train describer .—^A train describer is an 
aid to the expeditious working of junctions, as it shows 
in a signal cabin the destinations of all trains approacliing 
on fadng roads, so tliat the signalman may set the road 
correctly without it being necessary for him to observe 

code headlights. . . 

Either at the previous signal cabin or at the previous 
station, there is a multiple-way switch, which is set 
by hand to correspond to the destination of each tram 
as it passes. Ah illuminated indicator shows the 
driver if the description is correct, and, after passing 
the indicator, the train operates a special treadle. 
This treadle energizes a set of solenoids in the signal 
cabin, according to some particular combination deter¬ 
mined by the position of the multiple-way switch 
at the previous cabin. These solenoids, when operated, 
push in pegs in the periphery of a drum, which rotates 
one step as each train is described, A set of contact 
fingers inside the drum, which rotate with it the 
trains are described, rest on those pegs in a row wffich 
have been pressed in, and so complete circuitsr which 
cause an indicator above the lever frame to take up a 
position which gives the required description. As ea(ffi 
train enters the junction track circuit another solenoid 
is operated, and tliis causes the contacts inside the 
drum to move back one step relative to the 
thus cancelling the description, and setting up that 
of the next train, the cancelled pegs then being restoed 
to normal. The device can thus store up the dTescnption 
of several trains, and will give them out as required. 
This train describer can be used to operate destination 
indicators on each station, thus adding to^the con¬ 
venience of passengers, and tending to reduce platform 

rrai»-sto*s—Train-steps are fairly well-known 
' pieces of apparatus, and can be used in conjunction 
^dtk signals of aH types. ^When a signal is at danger. 
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its associated train-stop raises a small just above 
the rail level, which will trip a valve on the brake pipe of 
a train attempting to"pa«s the signal, and so arrest its 
progress. The train stops are usually wired in parallel 
with their associated signals. 

{d) Repeateys and fog repeaters .—Repeater signals are 
installed where the view of the line ahead is poor, or 
where fast trains are run. They are distinguished 
from stop signals by a different colour scheme, and are 
usually controlled by contacts on the relay of tlie stop 
signal which they repeat. Where a repeater of the 
stop signal ahead is niounted on the same post as a 
stop signal, both stop signals control the repeater to 
prevent the anomaly of a repeater at "dear,'* and a 
stop signal at “ danger,'* on the same post. 

Fog repeaters were introduced by the Metropolitan 
Railway as an improved means of combating the effects 
o»yog. They are placed on a level with the drivers' 
eyes, as near to the track as possible, and sufficiently 
far in advance of the stop signals which they repeat 
to allow/iiivers to pull up before reaching the stop 
signals." A fog repeater consists merely of a pair of 
lamps and lenses, and the Jamp circuits axe controlled 
in parallel with the lamps of the associated stop signal. 


The repeater lamps are also controlled by a switch 
placed at the nearest signal cabin or station, and can 
therefore Ijie switched on as soon as a fog occurs, thus 
avoidinjg the delay occasioned by^'the calling out of 
fogmen. 

The Effect of Faults. 

In signalling work it is essential that faults shall 
never produce a false " clear " indicatioh. • Accordingly, 
the circuits are arranged so that the wiring must be 
intact, and the power must be on in order to hold a 
signal at '' clear." Where any discrimfnsrtory action 
is effected by switch-drums, the possibility of circuits 
on both sides being simultaneously energized is guarded 
against by such «n '"eventuality producing a skoi^- 
circuit. 

Po;«rER Supply and Consumptiojst. 

On electric lines, power fol* signalling is usually derived 
from the extra-high-tension mains through transformers 
and/or motor-generators set apart for the purpose. 
For isolated installations batteries are employed, and 
can be conveniently housed beneath the signal cabin. 

Power signalling is quite economical, as 0*3 kW 
per mile of single track is usually sufficient. 
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Summary. 

Tlio econcTTiical limit of power factor improvement in rela¬ 
tion to capital outlay. It is shown that if G is the capital 
cost of generating aixd. transmission plant per kilowatt, and 
Cfis the cost of phase-improving plant/-per wa^ess kilovolt- 
anipl^re ; then, writing a «= c/O, it is economical (from the 
capital outlay point of view) to go on improving the power 
facltir nntiL sin ^ a,, where ^ is the angle of lag. The 

. saving thereby elfceted is tvcjual to 100[1 -- cos (^o 0)1 

per a‘nt, where cos is the ori^nal power factor before 
improvement, A practical example is-worked out to show 
tlic optiratioii of tliis rule. s^The synchronous motor and 
jitatic coiKlenser serving exclusively for injecting leading 
kVA are cousulered. The rotary converter and the syn¬ 
chronous induction motor serving the double purpose 
supplying power ajid injecting leading kVA are dealt mth 
and tiieir province ii^ described. Various methods ^ starting 
the synchronous induction motor are illustrated. The 
then goes on to treat of phase advancers of the rotatog 
type connected to the slip-rings of induction niotors. The 
elfect of such advancers upon the performance of induc¬ 
tion motor is illustrated by several examples, ^d the oh^e 
in the shape of the circle diagram is vrorked 
author then proceeds to give an expression for 
capacity of his vibrator in terms of the constants of 
mLliinl and shows how to arrive at 
required to suit any given conditions. The last section of 
the pawr deals'with meters and tarife. 

(if imlikting Wf maximum demand Md ^ 

(Icacfibod. and particulars are oi the t^s 

by various power companies. 

to the fairness of thsse to consumers who improve their 
pinvcr factor. __ 

This pai«sr deals with the use of 
devices or the addition to existing consuming device 
2rS apparatus, as will diminish ^ ph^ 

between die vectors represraling Jrent 

and current. As in the majonty of cases the cureent 

lagl the improvement in the power 

the pushing forward of the \ t ^ is 

always Witt 

T* ™ 

where the cuTrent t^ii+ to retard it. 

i, tha both* htlliaahoa o< 

far as the s«PPly formers, 

the generator, step-up consumer's 

feedens, maips arid 3- ^dividual motors 

terminals. Whether ® “t,rtlv concern 


the voltage. This condition the consumer can always 
fulfil, eSthw by employing good-power-factor motors, 
or by improving his plant by the addition of apparatus 
which will inject leading kVA into his terminals so as 
to Ining up the general power factor of his installation 
to a reasonably good figure. That all consumers on a 
S 3 rstem diould voluntarily incur .the expense involved 
cannot be expected. The supplier must therefore m^e 
it worth their while, and thus the purely technSsl 
question of powa: factor improvementr becomes tied up 
with the question of suitable tariff. 

This does not, however, exhaust the suhjeSit. Even 
agmymiTigr fiiat the Supplier were by a suitable tariff 
aViia to induce all his consumers to improve the peak¬ 
load power factor to unity, he would still have to face 
the question of his own power factor, not so much on- 
account of the better utilization of the electrical plant 
as on account of his being under the obligation of 
supplying current at a stated voltage. In a small 
Systran with only a moderate diversity in the lo^ 
charactraristic between the consumers no difficulty 
arises, but in an extended system with long feedera 
the combined efiect of reactance, resistance ^d^paaty 
may be different on every feeder, and this ef^ wiU 
eenrarally tend to make a difference of phase betw^ 
current and voltage. Therefore, correcting devices 
should he used at the feeder ends. If tee load on my 
particular feeder should be very light » f 

permanently a givrai amount of leading kVA woffid 
tee voltage to rise, and teat is inadmissible,, 
hraice tee necessity of an adjustable dwee such m 
an idle-running synchronous alternator. Examples will 
be given later. 

Apparatus used for Power Factor Improvement. 

The various appliances may be classified as follows 

S ^aratus serving exclusively for injecting l^ng 
kVA ^ tee end of a feeder, or at the consumer sto- 
TniTiaJs for tee purpose of improvmg the power fartor 

Lstem m a whole without affecting that of 
of tee s^tem as a wno 

» „.d*ono». =onto«»r. 

■“s jb. 

tt, the sysL*. aid thus naldng 

mjectmg 1®*^® , lap ^n g kVA taken by other 

[ SS.^e'^^thronous .moter-generator. and tee 


£vTa gooa Tow tectoTToes not directly con^ SS.Te ^Sronous ,moter-generator. and tne 

tee suppUei*: all he with ■» synchronous phase advancer acting 

takd from bis termmals a current nearly my , rotary or oscuiaang y 

* Dt. Kapp died on 10th August, 1922. ^ 
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on the slip-ring current of a motor so ^ to improve 
^the power factor of this individual motor and, inci¬ 
dentally, also increase its overload capacity. 

(d) The a.c. commutator machine or rotary phase 
advancer applied to the slip-rings of the motor and 
serving the double purpose of improving the power 
factor and acting as a slip regulator. 

These various classes are considered further on, but 
before entering into questions of detail it is expedient 
to consideiT: 


The Economical Limit to Power Factor Improve¬ 
ment IN Relation to Capital Outlay. 

The introduction of any kind of power factor improver 
to existing motors or other consuming devices neces¬ 
sarily involves some ^capital expenditure, but at the 
same time it reduces the capital cost of the electrical 
p^ of the generating and transmitting plant. Where, 
as in a private works, the supplier is also the consumer, 
the relat^Dn between extra expense on the consuming 
plant ajiff saving of expense on the supply plant is 
direct and obvious. In the case of a supply company 
and its many consumers this relation may at first sight 
not be so obvious, nor so simple, because many non- 
-technical considerations enter into the commercial 
business of buying and selling. Nevertheless, the 
relation exists. If the customer cannot participate to 
a reasonable extent in the benefit he confers by in¬ 
stalling plant of good power factor, he will naturally 
refrain from doing so. On the other hand, if the 
customer demanded so large a reduction in tariff as to 
swallow up all the benefit, the company would naturally 
refuse to give that reduction and there would again 
be no phase-advancing, to the detriment of both parties. 
Thus the problem of thq, economic limit of power factor 
improvement is largely dependent on the cost of suitable 
apparatus, on the one hand, and the saving effected in 
the cost of saleable or available kW on the other. 

, When treating the question on broad lines and 
mathematically, we are therefore justified in taking 
the case of a private works, and we are indeed compelled 
to do so, because no mathematical formula can take 
account of the many side issues that may be raised 
between supplier and consumer which, even if not 
preponderant, must obscure the mathematical reasoning. 

Let us then assume that a private works with a 
prospective peak load of 1 000 kW is to be established. 
The load may be provided for without the assistance 
of any provision for power factor improvement, and its 
cost win then be a maximum , because the electrical 
part of the generating and transmitting plant is pro¬ 
portional to the kVA (not the< kW) demand ; or power- 
factor-improving apparatus may be used, in which case 
the generating and transmitting plant will be cheaper, 
but the consuming plant will cost more. The ^ques¬ 
tion is : How far should power factor improvement be 
carried so that the total costi becomes a minimum ? 
The influence of power factor on the capital outlay for 
the prime mover is only indire<5t and is generally , small, 
though it may be con^erable with regard to working' 
expenses? As we are now^ dealing only wilh ^ capital r 
oatla^' we disregard this part«of the pi-oblem. 


Let C s= cost of .generating and transmission plant 
per kW from the alternator to the points 
of supply at unity power factor, 

^0 hfe the angle of phase difference between 
• the current and voltage vectors when na 
phase-iifiproving apparatus is used.* 

O 

-^ = corresponding cost per kW at a power 

cos 9o factor of cos 

® = cost of phase-improving plant per wattless 
kVA injected into the supply terminals. 


cos ^ most economical power factor to which 
the whole system can be brought. 


Both cos <f>Q and cos <l> are for peak load, not average 
power factors; 

The total cost (excluding® consuming devices) of the 
electrical plant is, per fcW: 

—. . . without power factor improvement. 

cos <po. 

+ aC (tan (f>o — tan with power ^ctoK 
improvement. 

This becomes a minimum for 


sin ^ — a 

and the total cost for a peak load of P kW is 
PO['v/(l — a2) -|i a tan <^o] 


instead of PO/cos without power factor improvement; 

The peak-load power factor to which the installation?^ 
as a whole should be improved is 

cos .(1) 

and the saving thereby effected is 

100[1 — cos (^0 — ^)] 

per cent of the outlay for generating and transmitting 
plant without povrer factor improvement. 

It will be seen from Equation (1) that the economical 
limit of power factor improvement does not depend 
on the power factor of the unimproved plant, but only 
on the ratio of the cost per kW of the original plant 
at unity power factor to the cost per wattless kVA 
injected by the phase advancer. 


♦ The relations between the various quantities considered in 
this paragraph are apparent from the 
attadied figure. If OE is taken as the 
direction of voltage vector, 01 is the 
direction of the current vector before 
power factor improvement, and OC the 
direction of the current vector aft«^i^ 
power factor improvement. If OE is i 
taken as unity and represents to scale the J 
current required for one kilowatt at , 
unity power factor, then 01 — 1/cos <fo ; ' 

El tan 00 “ wattless current per kW 
delivered before improvement; EC 
«tan 0 « wattless current per kW after 
improvement. Their (taif0o — tan 0) re¬ 
presents the wattless current supplied 
by the power-factor-improving apparatus.—W. 
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The relation between a and cos is simply that of 
a ciAle function, thus; 

a = 01 • 0-2 0-3 0-4 0-6 

cos ^ = 0-995 0-98 0-96§ 0-916 0-865 

Since a is generally very small (say udthin the lilnite 
0-1 and 0 - 3 ) power factor improvement may economi¬ 
cally be carried faiirly near to unity power factor, but 
should not be carried beyond it so as to make (p negative. 
This refers to the installation as a whole, but does not 
me an that individual motor may not be worked 
with a leading power factor if thereby the o-raall power 
factor can be brought up to the economic limit. 

»Fsoni the above mathematical turguments we can 
deduce a few simple relations as to the cost of power 
factor improvement if done in the most economical 
manner as regards capital optlay. . 

Let K be the cost of the original plant without any 
improvement; K-j the cost of the jreduced genera g 
and transmitting plant when a phase advancer is added: 
and A the cost of the phase-advancing plant its^. 
Let S be the saving in capital outlay tluough usmg 
phase advancers. Then the following relations obtain - 


S' 


-.K-Ki-A 

js: ° 

COS ^ 


A 

A 


Ka cos ^0 (tan ^ - tan 

^ = a cos <p (tan <j»o ~ tan 

•Ki 

1 — cos (^ — ^o) • • * 


S 

K 


( 2 ) 


The followihg table shows the sa-ving in capital 
outlay ejected by power factor improvement for a few 
values of a and cos ^o* 


COS ^0 • . 


0-6 


0-7 

__ _— 

0-8 


a .. 

01 

0-2 

0-3 

0-1 

0*2 

0*3 

0-1 

0*2 

0*3 

8IK in per 

’32 

24 

18 

22 

16 

11 

14 

9 

5 

cent 











To form an opinion as to whether such a saymg in 
initial cost of a private works for 1000 kW peak load 
to be newly established is of importance, we may^ by 
wav of example, mssume likely -values for cos </io ,0 
and a. A fair value for the peak-load power factor 
is 0-76. This might perhaps seem too low to sonm, 
but we must remember that not aU the motore -will be 
large or fully leaded men at peak time. There may 
be a number of sraffimotors and these, or many of 
them, will generdRy be underloaded. Veiy often this 
is also the caHte witti large motors. As a rule, ransomers 
buy their motors rather too large because ^ey -want 
a good margjn in torque in the case of ^ort-time or 
sudden’ overloads. Hence the high full-load po-wm 
factors VhicS we find in motor lists cai^t be expec^ 
under average running condition^ The installation 


may also conkin some consuming de-vices (arc lamps, 
or electric furnaces) with a bad ^lower factor, so that 
in assuming the overall peak-load power factor to be 
0-76 we shall not be far wrmig. The estimate of -the 
quantity 0 is much more uncertain. O includ«s crat 
of generators, connections to switchboard, all the 
s-witchgear, step-up transformers, protection devices, 
feeders, step-down transformers, some s-witchgear at 
the feeder terminals, and, some mains up to the ter¬ 
minals to which the consuming de-vices are connects. 
Possibly'’ transformers may b& omitted, but hea-vier 
feeders -will then be required, so that this item canno-t 
maVp, much difierence in the total. The influence of 
size and speed of the generating units is more important; 
but here also the margin is not very large. It would 
hardly be safe to put down less than three umts of 
600 kW each so as to have one spare. If the proems 
of working involved long spells of Ught load, bringing 
tlie conditions of working nearer to-those obtaining 
in a large power station for general supply, mur ’uni s 
mmht be even better because this, would reduce -yorkmg 
expenses. Another factor of uncertainty is tee cost 
of the line, whetlier overhead or cable. It is obviously 
impossible to adopt a definite value of 0 fittmg aU 
pggAR. nor is it necessary, because from them o^ 
experience members can adopt tee value which fits 
an actual case and can repeat the calculation here 
given merely by way of example. For the purposes 
of this example we may take O = 12, which me^ 
that tee cost of the plant working at unity power fac^r 
corned to £12 per kW. The cost of power-factor-un¬ 
proving plant per kVA varies within wide limits; it 
may be as low as 10 s. with a phase ad-^cer apphed 
to the slip-rings of a very large induction motor, or 
it may go up to £4 or £6 with static condens^. In 
order not to overstate tee argument for phase-^- 
•vandng. the cost is here taken at £3. This makes 
a = 0-26. We thus find cos ^ = •\/(^ — 0-0626), or 

cos i = 0-966 : 4> = 14° 30'; = *1“ ^ 6 '; 

^ ^ = 26° 66 '; cos (<f> — ^o) =? O' 89- 

Saving = 100 - 89 = 11 per cent. 

The installation for the 1 000 kW peak load would 

cost = £16 per kW, or £16 000 in all for tee 

electrical plant,- but by adopting phase-advanxmg we 
improve tee overall power factor to 0-966 red^ 
the total cost to 16 000 minus 11 per cent of 16 WO 
== £14 240. Of this sum, about £12 600 is required for 
generating and transmitting plant, and tee rem^der, 
namely £1 740, for power-fa^r-impro^g 

The latter has to inject about 600 kVA. There axe 
various ways in which this may be done. If there axe 
goTTiA ikrge motors among the consuming dewes we 
might provide them with sUp-ring phase ^v^^, 
or we might use syndupnous motors, or self-staxtmg 
s-vnehronous induction motors, or we noayA pro-viae 
squirrel-cage motors -wite-.static condensers, or we may 
«e a combination of such meaife. The essential c®- 
.dition is teat we must.k^p witliin the permissible 
expense of £3 per injected. kVA. In other word^ wer 
must not depart too widdy from the rule sm 9 — a. 
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The Effect of Power Factor on the Working 
Cost of Generation and Transmission. 

Whilst the peak load factor of consumers mainly 
influences capital outlay and efifiwency, a bad power 
factor at lighter loads increases the cost of generation 
per unit. There is, morever, a reduction in the effi¬ 
ciency of generating and transforming plant. Both 
have certai|p. losses, such as iron, friction and windage 
losses, which are dependent on their size but are inde¬ 
pendent of loadr so that the overall efficiency pf prime 
mover, generator and transformer is reduced by bad 
power factor. It must also be borne in mind that 
with small load and large kVA output more units must 
be kept in commission than would suffice with a good 
power factor; hence working costs are thereby 
increased. It is therefore to the supply company s 
in^grest that the consumer should have a good power 
factor not only*at peak load, but also at lower loads. 

The apparatui? used for power factor improvement 
has alre^y been briefly mentioned and will now be 
considered in somewhat greater detail. 

The Rotary'* Condenser. 

Over-excited idle-running machines employed solely 
“for power factor improvement are not generally used 
by consumers. The only apparatus of this type I have 
seen was erected in 1896 by advice of the late 3Mr. 
.♦Dobrovolsky at the Oerlikon engineering works in 
connection with the Buelach-Oerlikon transmission 
(23 km, 16 000 volts at first, later increased to 
30 000 V) and this supplied current to the motors in 
tlie works. The firm informed me that a similar 
machine was^at the same time supplied to the works 
of Messrs. Escher, Wyss and Co. in Zurich. 

Recently two rotary condensers, each with an output 
of 3 000 kVA, have been installed by Mr. A. Dickinson* 
in connection with the Bombay hydro-electric works 
at the delivery end of the 100 000 V feeders. 

^ Similar plant, but on a much larger scale, has been 
installed by the General Electric Company of America 
in connection with power transmission over very long 
distances.t Here the main object is phase adjustment, 
as explained in the beginning of this paper. The 
largest machine yet built has a capacity of 30 000 kVA 
when used to advance the phase of the current, and 
20 OOOrkVA when used to retard the phase. It is a 
10-pple three-phase 6 600-volt alternator running at a 
constant speed of 600 r.p.m. The following particulars 
taken from the text and the illustrations in the publica¬ 
tion dted are of interest. The machine has salient 
polegi in^e rotor, the stator being the armature. The 
rotor h£fe a (flameter of 2-46 m and its core length is 
2*06 m. The circumferential speed is no less than 
77 m peirsecond. The exciter is a 160 kW comgound- 
•\jround generator giving a maximum current of 600 
amperes for over-exdtation. Thus only 0-6 per cent 
of the maximum kVA output is required for exdtation. 
The output .goeffident is 3*6 when the machine acts 
as a condenser, and 2*36 wh(£a it acts as a reactance. 
It'‘is m^.de self-starting a damper winding on 
rotor supplied by 30, 37j and 46 per cent taps from 

♦ Journal 1916, Vol. 63, p. 093. 

t General Electric Review, 1920, voL 23, p. 160. 


the transformer. The damping winding during the 
start shields the main exciting winding from the effect 
of the rotating stator field, which would otherwise 
produce an excessive voltage in the''exdting coils. To 
reduce the mechanical resistance at starting (which is 
due to the oil being squeezed out when the machine 
is at rest) oil under pressure is forced beneath the 
journals to make them float in oil before starting. The 
bearings are water ’cooled and the whole machine is 
cooled by air blast, the volume of air required being 
37 mS per second. The temperature guarantees are a 
rise of 60 degrees C. in the stator and 80 degrees C. in 
the rotor measured by thermometer, and 10 degrees C. 
more if measured by ^ermo-couple. 

Two smaller machines (each 12 000 kVA) Were 
supplied by the same makers in connection with the 
22 000-volt ttansmission of the Andhra Vadley Power 
Company, Bombay. Pwing to the higher ambient 
temperature (46*6® C.) the temperature-rise is limited 
to 46 degrees C. in the stator and 66 degrees C. in the 
rotor. 

The author is not aware of any instance where a 
consumer drawing his supply from a thermic works has 
put up a rotary condenser on his own premises for power 
factor improvement; and the reason is not far to seek. 
The consumer has to pay not only for the energy he con¬ 
sumes in his motors, but also for that which he wastes 
in his rotary condenser, and that is a considerable 
amount. A rotary condenser of some hundreds of 
kVA cannot be worked with a smaller loss than a 
generator of equal output. TJae loss in kW may be 
somewhere between 6 and 7 per cent of the output 
in kVA. To realize what this means financially we may 
go back to the case of the private works of 1 000 kA^ 
peak load. At full load of 600 kVA ^(leaiding) the 
machine would require a supply of about 36^ kW to 
cover its own losses; and although by decreasing the 
excitation to adapt the condenser ,,to lighf-load condi¬ 
tions the copper loss in the armature might be decreased, 
all the other losses would remain the same, so that 
on the whole the loss would remain verj much the 
same. Moreover, the attempt to economize by con¬ 
stant attention to the changing load conditions would 
introduce some extra cost of labour. We may thus 
base the financial argument on the supposition that 
the number of kW required to cover condenser losses 
rem^Mns constant during the whole time the installation 
is in use. With a load factor of 26j per cent this 
means 2 300 hours per annum. In a year the rotary 
condenser would therefore waste 83 000 units. The 
energy supplied to the motors or other consu m i n g 
devices amounts to 2 300 000 units. The energy wasted 
is therefore about 3*6 per cent of the energy utilized. 
If the load factor were lower than here assumed the 
percentage of wasted energy mjg^ exceed 4 per cent. 
It must also be borne in mind thaNjie rotary condenser 
requires oil and renewal of brushes, pesPihaps occasionally 
some repairs, and certainly some sligh'b amount of 
attendance. For interest, depreciation, maintenance 
and petty materials it is customary to reckon 15 per 
cent. With the machine costing (exciter and Switch- 
gear and foundation included) £3 per kVA, of in all 
£1 800, these charg^ come to £270, to whidh must be 
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added labour, which we shall not overestimate at £1 
a week, thus bringing up the annual cost to £322. At 
Id. per unit the charge for the supply would be, in 
round figures: 

Useful energy ^ .«• £9 600 ’ 

Wasted energy .. ... £346 

To the latter figure must be added the £322, so that 
the rotary condenser costs annually £668, and to make 
in this case power factor improv^ent by rotary con¬ 
denser a commercial proposition the supply company 
would hSt^ie ^o give a rebate of at least 8 per cent. 
This is impossible.^ We may therefore consider the 
installation of rotary condensers by consumers to be 
financially unsound. ^ ^ 

That rotary condensers are successfully used by 


age, to 0*6 per cent of its output*in kVA. If a trans¬ 
former is required there is, of course, an increased loss. 

Fig. 1 shows the relation between temperature and 
power factor for different J^pes of element, oil-im¬ 
mersed and tested at 250 volts and 60 frequency. In 
actual work the temperature-rise is stated by the 
makers to be 11 degrees C. 

' The control apparatus of static condensers consists 
mainly of oil-immersed switches with auxiliary contacts 
short-circuiting the condenser when the main switch 
is opened, and the usual no-volt and, overload release 
and an’ ammeter. , 

The following data as to cost have been supplied to 
the author by the makers for a condenser equipment 
of 100 kVA output, including tank and switchgear, 
all at 60 frequency. 


"^Voltage on supply terminals 
Transformer .. ** 

Condenser voltage 

C!^ost .. * 


600 

Not used 
600 

£336 13s. 4d. 


440 

Used 

600 

£468 8s. 4d. 


440 

Not used 
440 

£680 6s. lld.-» 


supply companies is not due to financial reasons, but to 
the absolute necessity of giving their distant consumers 
a constant-voltage supply, for which purpose, in the 
present state of the art, rotary machine is the only 
available apparatus. 

The Static Condenser. 

A condenser for power factor improvement as made 
by Messrs. British Insulated 6c Helsby Cables, Ltd., 
is composed of elements each of about 1 fxF capacity 
suitably grouped to obtain the total capacity required 
T and housed under oil in a tank, much in the same way 
as a ^ansfojpcner. Also, like a transformer, the static 
coisdei^er requires no attention and has in this respect 
a gre2f,t advantage over any rotary machine. It has 
the. further* advantage that its own waste of energy 
is exceedingly small. The limiting safe voltage on an 
element of the t5rpe mostly used is given by the naakers 
as 600 V, Jbut for certain purposes elements of smaller 
capacity with a safe voltage limit of 760 V are also 
made. The number of elements required depends on 
the terminal voltage, current and frequency. 

Let B be the terminal voltage, w the circular fre¬ 
quency (for the usual periodicity of 60, a « 314), P the 
d^ed leading kVA, c the capacity of one element in 
microfarads, and e the permissible voltage per element * 
then a simple calculaiion shows that the total number 
of elements is 

Xlie cost varies inversely with the frequency and the* 
square of the voltage per element. If the consumer's 
terminal voltage ij^nsibly less than 60© V it can be 
brought up to “tins figure by an auto-transformer.. If 
it fe more,Vt can be brought down to 800 V or up to 
.a maitiple'^of 600 V by i±ie same means. 

The power factor of a condenser is very small and, 
^consequen^y, its inherent loss Correspondingly low., 
The fttakors daro that it amounts in kW, on an av©r- 


The Synchronous Induction Motor. 

The practical application of the idea of using the 
same machine for the double purpose of providing 
motive power and at the same time injecting leading 
kVA into the supply terminals dates back some 80 years, 
when the Oerlikon Company employed a few such 
motors in their own shop, the current being derived* 



Fig. 1.—Power factor tests on Helsby condenser elements; 
made at 250 volts and 60 cycles. 


from the Buelach line already mentioned. It is, of course, 
coavt^ieni that a motor for this purpose diould 
foe made self-starting and self-synchronking. If ihe 
is provided with a wound rotor, like an induc¬ 
tion motor, it can be started with a resistan^ inserted 
in the rotor circuit, an^ when it is neafiy up to sp^d 
9a direct current can be passed through the rotor winding 
so as perlnanently to j^iaghetize the poles and convert 
it into* a synchronous mqtor. In order that the ^cootpr 
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Fig. 2.—^I-ociis diagrams of synchronous induction motor 
(original power factor t)‘89). 


The rotor may have salient poles as in an alternator, 
or it may have non-sahent poles. In the former case 
the starting torque is smaller than with a non-salient- 
pole type ; and for this reason, as also for the con¬ 
venience of using standard frames and stampings, it 
is generally found that to convert the induction motor 
to synchronous working is more advantageous than 
the opposite process, namely, to start with the design 
of a synchronous machine and convert it into an 
induction motor. 



Fig. 3,—^Locus dia^ms of synchronous induction motor 
(original power factor 0*73). 


The working condition of the motor can be repre¬ 
sented by a circle diagram much in the same way as 
that of an ordinary induction motor, only that in the 
self-starting motor we have two locus curves, the one 
for the synchronous and the other for the asyiichronous 
condition. With d.c. exmtatioi^ fixed at a value just 
sufficient to give full load at unity power factor (with . 
no sataration'^in the teeth), Jhe locus for the syn¬ 
chronous condition has •a smaller radius. The originals 



power factor of the induction motor to be converted has 
a considerable influence on the stalling torque in the 
synchronous condition. This will be seen from Fi^. 2 
and 3, drawn approximately to scale for the same 
excitation at all loads, and therefore the same heating* 
in the rotor. « 

In Fig. 2 the natural power factor of the induction 
motor is 0 • 89 and in Fig. 3 it is 0* 73. In both diagrams 
the vectors are inserted for unity and 0*9 leading power 
factor. Taking as a' datum for comparison the torque 
of the induction motor as 100 in both cases, the diagrams 
show the following working conditions 4of ’'constant 
excitation: 


Original full-load powea? factor .. 

0*89 

0;73 

Full-load torque 

100 

100 

Torque at unity power factor 

100 

86 

Torque at 0*9^leading power factor- 

84 •* 

63 

Margin to stalling torque ^ syn¬ 

Practically 

27 

chronous condition 

none 


Margin to stalling torque in.the 

70 

73 


asynchronous condition 



Fig. 4^. —^Method of starting a s 3 mchronous induction npiotov 
(British Westinghouse, 1913). 

The dotted part of the synchronous locus circle 
indicates an unstalple condition. When the motor falls 
out of step it continues to run as an as3mchronous 
motoj;. It S3mchronizes again when the load has fallen 
below stalling load. If the motor is designed for full 
load at 0*9 power factor it will not fall out of step 
so easily, but then its kVA capacity must be greater 
than that of an ordinary induction motor. For this 
reason, and also because an exciter is required, the* 
cost of a synchronous induction motor must always, 
be greater liian that of an ordinary induction motor ; 
and the difference in cost mu^J^e the greater the 
smaller the leading power factor req^ed for full normal 
load. Examples are given later. Tvl^ conditions are- 
necessary for a motor to self-synchronize,•namely, a 
small natural slip and a small mechanical moment of 
inertia.. Modem practice is to put sufficient copper 
into the rotor to make the slip about 1 per cent andH:o 
keep down the moment of inertia to the lowest possible; 
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value ; tlien the motor readily S3mcliroiii2es, even under 
loaji or overload. 

The switchgear between the rotor slip-rings and the 
starter is shown j^agrammatically in Fig.^ 4 for some 
of the systems adopted by various makers. ’ Fig. 4a 
illustrates the simple arrangement in which the direct 



Fig. 46.—Method of starting an Oerlikon synchronous 
induction motor. 



Fig. 4c .—^Method of starting a Siemens-Schuckert 
synchronous induction motor, 

current is passed down one phase and up the other two 
in parallel. The stator circuits are not shown. The 
stator may, in ordgp<5^ reduce’ disturbance of the line 
^it starting, be^jrfranged in the well-known way for 
starting ir^ star and running in delta; but this is 
applicable to all types and need not be considered here. 

If the rotor has a three-phase winding it is obvious 
that one phase must carry the full exciting current, 
wHiis^ the^other two phases each carry half of it. Let f' 
n be the number of turns and p the resistance per 


phase, then the loss of power in the three phases when 
worldng asynchronously with a phase current J will 
be and the axial excitation will be 2nl. 



Fig. 4d .— ^Method of starting a Crompton syp-chronous 
induction motor. 



Fig. 40 ,—^Method of starting a Lancashire Dynamo and 
Motor Co. synchronous induction motoif^ 

Let i be the direct current to produce the same loss ; 
then we have 

l*5pni^ == Spnl^ and i «= *\/2I 

The exciter must tfeerefore give about 40 per cent 
more current than the normal slip-ring ^Qurront in the 
asjnichronous condition The axial excitation pro- 
**duced will be about 5 per ^ent greater, but as^fche rStor 
teeth must be well saturated there is no propoitional 
increase in the field. On the other hand there 2s 
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unequal local lieating. To get over this xiiffi.culty the 
Oerlikon plan (Fig. 46) is to arrange the winding in 
one phase in tw6 parallels, each of Jw turns. Then 
the heating is uniform all over the rotor and the 
excitation is the same as with alternating current. The 
exciting current is double the alternating current at 
the slip-rings. In the asynchronous conditiori the 
halving of the number of turns in one phase intro¬ 
duces some dissymmetry, but as there is always plenty 
of starting torque this is of n© importance. 

In a system devised by Messrs. Siemens-Scjiuckert 
(Fig. 4c) we find an a»ttempt to reduce the amount 
of direct current for excitation by providing a separate 
winding for excitation, having a larger number of 
turns than the three-phase winding. The rotor has 
salient poles, but with the pole-shoes so wide (95 per 
cent of the pole-pitch) «that the starting winding, which 
is housed in the pole-shoes, acts almost as in a motor 
wiSi non-salient^poles. The exciting winding is, as in 



jtig. 4 ^.—Method of starting an English Electric Co. 
s 3 mchronous induction motor. 


from the open-circuit slip-ring voltage. A further 
advantage is that the whole of the rotor copper is 
loaded to the same current density. The makers claim 
that the nfe.chine in its asynchrongus condition will 
start against 2| times fuU-load torque. The exciter* 
is permanently in circuit and, by adjustment of its 
shunt rheostat, the leading power factor at various 
loads can be regulated. 

The standard type of starting and S 3 mchronizing 
gear used by the Lancashire D 3 m.amo and Motor Co. is 
shown diagrammaticaliy in Fig. 4e, The rotor has 
also a two-phase winding, but with 120°“ angular dis¬ 
placement of the phases, each acting at starting as an 
independent single-phase winding, whilst at S3mchrpnism 
the middle slip-ring^ is •‘out of circuit so that the ^(5* 
windings give together an excitation equal to times 
the ampere-tums of one phase. The change-over from 
the asynchronous to the syn^jhronous condition is made 



Fig. 4g.—^Method of starting a General Electric Co. 

synchronous induction motor. r 




any syndironous machine, placed on the magnet cores 
and the excitation is so great as to produce a high 
degree of saturation in the rotor teeth. At starting, a 
very high voltage is induced in the exciting coils, so 
that it is necessary to introduce for its protection a 
shunt resistance permanently coupled in parallel with 
it. This resistance has to be carefully selected so that 
on the one hand it shall lower the terminal voltage 
over the exciting coils sufficiently and, on the other, 
it shaJO^not absorb too large a proportion of the power 
supplied by the exciter. 

The exciting arrangements employed by the Metro- 
politan-Vickers Company have recently been dealt 
with in Mr. Carr's paper* and therefore need not be 
described^ in detail here. They are all more or less 
amplifications of the principle shown in Fig. 4^i. 

Messrs. Crompton use a two-phase winding on the 
rotor, with the star point carried to a slip-ring, so that, 
hj all, three slip-rings are required. The advantage 
of this arrangement is that, although there may be a 
high voltage on the two outer*-slip-rings, the voltage 
on the no^utr^ or star slip-ring, and therefore on one 
terminal of the exciter, is no higher than the exciting 
voltage, as will be seen 8n tracing out the exci;jter circuit 
(Fig. 4^). Thus the whole oi^e exciter is protected 
Journal 1922J voL 60, p. 166. 


via a ** buffer resistance," as will be seen from the 
diagram. 

By an ingenious arrangement of change-over switch- 
gear the English Electric Co. obtain the advantage 
of the full starting torque due to a three-phase rotor, 
combined with equal current loading in all the rotor 
copper when the rotor acts as a single-axis field magnet. 

• The rotor has only two phases, but these may be coupled 
to form an open delta for starting, when the electrical 
angle between the two phases is 60°, and .by reversing 
one ^ase the electrical angle may be altered to 120°, 
when the excitation given is times the ampere- 
turns in one phase. . 

The arrangement is shown diagrammaticaliy in 
Fig. 4/. There are 4 slip-rings marked a, ai and b, bi 
corresponding to the four terminals of the A and B 
phases (in open delta the third phase is omitted). To 
facilitate the tracing out of the connections the switch 
contacts are similarly labelled. 'Hi^small key diagrams 
show vectorially the connections " start" and 

run.^' At starting the switch is oil the lower con¬ 
tacts, and after all the starting resistanois has been 
short-circuited the switch is thrown on to*th© upper 
contacts. 

Fig. 4g shows diagrammaticaliy the exciling <jircfiit 
adopted by the General Electric Co. for their synr 
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chronous induction motors. The rotor is stax con¬ 
nected, and til® connection "with the exciter is such 
that one phase carries the total exciting current, whilst 
the other two phrases each carry half that current. 
‘Strictly speaking, the one pha^ may therefore be 
overloaded; but in reahty it is not so. It 
would be more correct to say that the other two phases 
are underloaded. This is, however, an unavoidable 
consequence of the necessity of restricting the sUp to 
a value than in an ordina^ induction motor 

in order to ensure quick and certain synchronizing, so 
that the eiktfa copper in the rotor would have to be 
provided in any case. 

Construction and Performance of some 
Synchronous Induction Motors. 

A characteristic feature* in tee design of ^ such 
motors is teat to ensure stabilrty tee air-gap is made 
larger than in ordinary induction "motors. A further 
characteristic is that tee roter teeth are highly saturated. 
Otherwise there is no important difference in the magnetic 


800 b.h.p. Crompton motor: 2 200 line volts; 26 
cycles; 260 r.p.m. stator three-phase; rotor tw^' 
phase; air-gap 4-5 mm; open,s]S 5 )-rmg voltage 1 300 V 
to earth; exciting current per phase, accordmg to load 
and power factor, up to 340 amperes, or 680 amperes 
on tee star-point slip-ring. The circle ratio (ideal short- 
circuit current divided by open-circuit current) is 9*9. 
From tee locus diagram (Fig. 6) tee working condition 
at any power factor and load can be detennnjed. 

The following table is given by tee makers to show 
the performance of this motor; 



Fig S.-Cirole diagram of 800 b.h.p. Crompton synchronous 
motor; 2 200 volts, 26 cycles, 250 r.p.m. 

circuit, so teat tee same type of frame may be used for 
either the synchronous or tee asynchronous motor. 
Electrically there is the differ^ce teat, with a view 
to quick and certain synchronizing, more copper i^ put 
into the rotor, and the current-carrying capaaty of tee 
slip-rings and their brushes must be greater. Short- 
circuiting of sUp-rings is impossible. In most mrtors 
some excitation may be left on during tee starting 
period. The syndbronous stalling torque is always 
smaller than the asynchronous, but when tee load 
torque exceeds the former tee motor runs on ^ an 
asynchronous machinp^te a low, lagging powder factor 
until tee load ha^^len, when tee motor agam ]um^ 
into step. The etfidency is a little lower owmg to the 
greater losslm excitation. The open sUp-ring voltage 
is Higbftr thSn in an ordinary induction motor and may 
reach 2 000»volts. 

The toHn yn g data will serve to give a more precise 
iwA y niu g to the above general stat^ents. 


Oulput 

Line volts 

line 

current 

Exciting 

power 

b.h.p j 

V 

A 

per cent 

800 

2 200 

168 - 

1-7 

800 

2 200 

188 

2*9 

•y 

- ^ - 


Efficiency* 


per cent 

93 

92 ^ 


• At half-load the efficiency is 1 per’ cent lower. 

The makers state teat the-increase in'’cost ovw 
an ordinary induction motor would be approximately 
20 per cent when designed for unity power factor, 
and 30 per cent for 0-9 loading power factor. 



Motors of the Lancashire Dynamo and Motor Co. L^. 
—The salient-pole type (used when only a light starting 
torque is required) has a starting winding housed m 
tee pole-shoes, and this winding also acts m a damper 
to protect the field winding from excessive voltage. 
For heavy starting torque tee non-salient-pole ^e is 
used but has no additional squirrel-cage winding, as 
the fidd winding itself acts as a starting •*windmg. 
Dampers are genmally not required, but, if d^ble. 
a damping effect may be produced by teort-orcmtog 
part o!E the rotor winding. The open slip-rmg voltege 
varies between 1400 and 2 000. The non-salient-^le tj^® 
is started in tee mann<«: shown in Fig. 4e. The mdi- 
vidual switches in tee solid starter vests^nce'Ote sim- 
cessively closed by a reciprocating motion given by 
■Band to a.ptarter handle w^ch,' in its 1^ mqyem^t, 
> also puts the motor into synchronism by first comej^g 
up tee resistance (marked "buffer” in tee diagram? 
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across the rotor terminals, then taking the rotor off the 
starter resistance, switching it on to the exciter circuit 
and finally opening tli^s buffer circuit. A second handle 
serves for returning the starter to the starting position. 



r.p.m. 

Interlocks are provided for preventing the closing of 
the main stator switch unless the starter is in the start¬ 
ing position. As regards the excitation required for 


amount of power factor correction required. Taldng, 
however, the usual case that a leading power factpr of 
0-9 is desired, the makers estimate that the increase 
may be tal&n to be one-tliird the cos^of an asynchronous 
motor of the same power. 

260 h.h,p, OerlihoT^ motor: Terminal voltage 600; 
50 cycles ; 750 r.p.m.; 0*9 leading power factor. The 
starting resistance is solid (the starter shown in Fig. 46 
has been represented as a liquid starter merely to pre¬ 
serve as far as possible uniformity of representation) 
and the two-way switch in Fig. 46 is replaced by the 
usual three-phase starting switch worked by a hand- 
wheel. Another hand-wheel serves to adjust tlie 
excitation. The starting and regulating gear is }ioused 
in a cast-iron case ^eidnanently attached to the n\©tdr 
frame. The exciter is mounted Overhung on the motor 
shaft. The performance of the motor is shown by the 
curves in Figs. 6 and 7. 

660 h,h.p, English Eieciric motor : Terminal voltage 
1 000; 60 cycles ; -428 r.p.m.; umty power factor at 
full load and leading power factor at smaller loads; 
constant excitation at 44 volts, 220 amperes; syn¬ 
chronous stalling point at 1-7 times full load. The 
tooth density is very high, so that there is a ,great 
difference in the rotor current when "the motor works 
as 3 mchronously and when it works S3mchronously with 
d.c. excitation in tlie rotor. The high saturation makes 
the field stable, and the fact that the axial excitation is 
provided by two coils with their axes 120®,, (instead o 
180®) inclined to each other has a beneficial effect on 
the field form. Fig. 8 shows the locus curves of this 
motor, and Fig. 8a the perform&,nce curves. 

260 b.h.p. General Electric motor: Terminal voltage, 
440; 50 cycles ; power factor from unity to 0 - 9 leading 



Fig. 8.-—Circle diagram of an English Electric Co. 660 b.h.p. motor. 


0*9 leading power factor motors, the makers have given 
me the following examples : 

660 b.Tl.p. exciter: 400,.amperes, 40 volts 

320 b,h.p. exciter: 230 amperes, 60 volts 
• * 

The increase in cost of thfe synchronous ever the ^ 
dsynchronous machine is ISxgely dependent on the 


at full load, according to excitation ^376 r.p.m.; open 
slip-ring voltage, 1140; slip, 1*06 per cent; diameter 
of armature, 120 cm; core length, 26 c^; air-gap, 
2*5 mm. The exciter is mounted on the motor shaft 
and has a maximuip. output of 6-6 kW. 

Fig. 9 shows the performance of this ^oto^ as a 
function of the oulput in brake horse-power. A and B 
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axe power-factor curves at constant excitation; C is 
the efficiency curve if the excitation is adjusted to give 
unity power factor at all loads, and D is the efficiency 
curve if the excita^on is adjusted to unity pWer factor 
full load, but not varied for smaller loads. ’ 


starting resistances. The currents through tiie rotor 
windings are symmetrical and no secoxid field can 
therefore be produced.. The, motor designed for an 
(8 j- 4)-pole cascade is started as an 8-pole machine 
Lid when near synchronism three of the slip-rmgs are 
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FIG. 8<i.-Performance curves of an English Electric Co. 560 b.h.p. motor. 

, ^ _ short-circuited and die remaining three are open 

raft circuited. This action converts the winding into an 

Font’s interconnected star-mesh system and results in the pr^ 

. On) is provided with l^o sm mx ^ ^ auxiliary 4:pole field. The switch us^ 

parallel, and changing the rotor connections alscf connects the 

the two s^ Iti Stax pointe of the two parallel stator windings to the 

a six-sided me ^ ^ flvri-Kng circuit, producing 9 . stationary 4-pole field. 

At synchronism the 4-pole rotor field rotates relatively 
to the rotor iron at 500 r.p.m. and, as the rotor itself 
has the same forward speed, the two 4-pole fields in 
stator and rotor are stationary in space and lock, 
together so that the motor works as a synchronous 12- 
pole machine. Efficiency and power-factor curves are 
sown in Fig. 96. 


225 h.n.p. Sandycroft single-field cascade motor. 
The stator in Mr. Hunt’s self-starting synchronous 
cascade motors (Fig. »«) is provided with i^^o 
coupUd windings in parallel, and the dx exmta 
intrWeed between the two star pomts. The roto 
■winding consists of a six-sided mesh with star coils 





Fis 9.— ^Performance--wirves of a General Electric Co. 
^50 b.h.p. motor. 

tapped intent at eqiially spaced points. The tera^s 
coSk are brought out to six shp-rmgs. Opposite 
riu^s axe cennected in pairs acr<ws three mdependent 

* Waperfhy Mr. E. J-Hunt, of the South W,<des 

InslU^^^^Enginca^s, vol. 36, p. 309, 


• Stator Eotor 

Fig, .ea.-Connections of a Hunt (8 -1- 4)-pole cascade 
motor. 

The Roxaky Conveeter as Power Factor I^jprover. 

At first sight the rotary converter app*^ to be an 
sidmirable appliance to iuj^t lehdmg 
. into the. supply line, but on closer consideration of ite 
working condition it will be found that its use in this 
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direction is rather limited on account of the rapid 
increase of the copper losses in the armature with an 
increase of the wattless component given to the line. 
The increase in output of a rotary converter as com¬ 
pared with a simple d.c. generator is due to the fact 
that the armature winding has to carry only the 
ence between the motoring alternating current and the 



generated direct current. For unity internal power 
factor this difference is a minimum. The extern^ power 
^ctor at the terminals is then about 0*98 lagging. To 
g5t unity at 4:he terminals the internal power factor 
must be of the order of 0-98 leading. To get a leading 
power factor at the terminals the internal power factor 



Fig. Kt—^Load vectors of Birmingham electric supply. 

n 

must be correspondingly smaller, whicli means that the 
wattless component must be lai^ger. Since the amount 
of heating increases as the square of the wattless com¬ 
ponent, it follows that power factor improvement can only 
be'obtained at the sacrffice output. The copper loss irC 
a six-ph^e converter is smaller than in a three-phase 
one, Snd, if we refer the increase of losses due to the lead-. 


ing current to the normal loss at unity power factor, 
we find that the percentage increase of loss is lag^er 
in a six-phase than in a three-phase converter. 1!hus 
if the field'excitation is increased so^ as to induce a 30 
per cent wattless component, the copper loss for full 
output would be incrSased by about 18 per cent in a 
three-phase and by about 30 per cent in a six-phase 
converter. To keep within the heating limit the output 
would therefore have to be reduced to 92 per cent and 
88 per cent respectively of the permissible output at 
unity power factor. This is rather a high price to pay 
for the injected kilovolt-amperes. Econbnuically it is 
better not to use the converter for giving to the line 
leading kVA, but to be content with taking from the 
line true kW and tfcus^'raising the general power factor 
of the S 3 rstem by increasing the watt load. Moreover, 
a converter excited to unity power factor v^l scarcely 
influence the line voltage ,at all, whilst a converter 
injecting leading kVA may have some disturbing 
influence. . 

As an example of the beneficial influence of a con¬ 
verter load on a general supply S 3 rstem we may take 
that of the City of Birmingham, to whose engineer, Mr. 
R. A. Chattock, the author is indebted for the following 
particulars and for the vector diagram‘shown in Fig. 10. 
The total capacity of the rotary converters is 9 800 kW 
at unity power factor. All rotary converters are pro¬ 
vided with means to vary their power factor down to 
0*97 leading, but Mr. Chattock considers it .hardly safe 
to go beyond this. Generally the converters are worked 
at unity power factor. 

The power factor improvement is shown in the fol¬ 
lowing table referring to the time of heaviest load, which 
occurred at 4.30 p.m. on the 17th December, 1920. 
In the vector diagram P and L mean d.c. power and' 
lighting load, and T means traction load. 

Total a.c. load on all generating 68 230 kVA'^at 
stations 0 • 79 power factor. 

Substations' load, at the same 14 474 kW. 
time, taken up by all sub¬ 
station rotary converters run¬ 
ning at approximately unity 
power factor, of which 11 213 
kW is power and lighting and 
3 261 kW is traction 
Estimated e.h.t. supply outside 
st^Jpstations on 17 December, 

1920 


47 400 kVA at 
0‘ 66 power factor. 


Slip-ring Phase Advancers. 

If an electromotive force of slip frequency is intro¬ 
duced in the correct sequence into the slip-rings it will 
shift the rotor current forward. To ensure that the 
injected E.M.F. shall have the correct frequency, the 
rotor current itself is made t^ gj^erate it; and to 
ensure the correct sequence is ^ question of 

making the appropriate connections between tlie phase 
advancer and the slip-rings. The interaction be^een 
the stator and rotor causes the leading kVA injected 
into the rotor to be translated into the line, and thus 
a comparatively small amount of kVA gJven^to*the 
rotor becomes a large ainount of leading. kVA given to 
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the line. We may take as an example a 500 kW motor 
with, say, 1*5 per cent slip. If it is desired to inject 
into the line 50 per cent of the true power^as wattless 
.kVA, the line wohld require a supply of 260 leading 
kVA. The working condition the motor would not 
be altered; the slip and the overload capacity would 
remain as they were. If we inject a certain amount 
of leading kVA into the rotor the working condition 
of the motor will be altered. THe slip must increase 
because the slip E.M.F. must now cover not only any 
additional o]j.mic loss, but also the quadrature com¬ 
ponent of ^he E.M.F. of the phase advancer. The slip 
of 1*6 per cent may thus become increased to 2*6 per 
;pent and the translating ratio of^the interaction between 
stator and rotor will no longer be^lOO to 1*6, but 100 
to 2*5. That is to say, for every kVA injected into the 
rotor the dine benefits by 40 kVA. Neglecting losses, 
which are very small, a phase advancer having an out¬ 
put of 6 • 3 kVA will benefit the line to the same extent 
as a static or rotary condenser giving it 260 kVA. At 
the same time the overload capacity of the motor is 
increased. 

There are two types of slip-ring phase advancer in 
use ? the rotary and the oscillatory. The former is an 
a.c. commutating niachine which must be driven from 
some external source of power, the latter is a dx. 
machine which requires no external driving, but needs 
d.c. excitation from an external source. 

Rotary Type of Phase Advancer. 

The general principle of the rotary phase advancer 
is shown in Fig. 11 for a 2-pole three-phase machine. 
A, B, C are the stator exciting coils (the diametrically 
opposite poles are not shown, in order to avoid com¬ 
plication), R represents the armature, and K the com¬ 
mutator witfi the three brushes, a, b, c. In the position 
shown,'*the brushes are in the polar axes and therefore 
the armatqre exerts no torque. If the brushes are 
displaced in one sense, the machine gives torque in the 
opposite sense and acts as a motor taking power from 
the slip-rings, at the same time injecting a certain 
amount of leading kVA into the slip-rings. This pro¬ 
perty of the rotary advancer can be used in cases where 
the main motor is provided with a flywheel in order to 
cope with heavy peak loads, when a coi^iderable slip 
must be allowed. Then part of the slip energy may be 
recovered ii^tead of wasting tih© whole of it in slip 
resistance. 

Where only phase-advancing is required the brushes 
remain in the axial position; the impressed flux and 
that created by the armature current are then in line, 
and by giving the armature a winding of sufficient 
turns the whole of the flux required can be produced 
by the armature winding itself, so that a stator with 
the coils A, B, and (^becomes unnecessary. 

This is the pria^aple on which the Scherbins rotary 
phase advancer^s constructed. The machine has no 
stator, but'the iron core of the armature is radially 
extended l^feyond the armature conductors so that the 
rotor iron outside the winding performs the office of 
am external stator. Since the magnetic reluctance of 
the arr-gap'^is thus avoided, the advantage of a strong 
field with only a moderate excitation is secured. On 


the other hand there is the disadvantage that the com¬ 
mutation necessarily takes place not in the neutral 
space, but in the strongest part of the field, making 
the commutation more difficult than in an ordinary 
d.c. machine. The fact that not a direct but an alter¬ 
nating current must be commutated is of little impor¬ 
tance, because the* frequency of this current is so low 
that the condition as regards commutation is practically 
the same as with direct current. The arra^ngement of 
this machine is diagrammatically illustrated in Fig. 12, 
If th^ rotor is at rest the machine hcts simply as a 
chokiiig coil. The currents introduced by the three 
brushes produce a rotating field having au angular 
velocity corresponding to the slip frequency. The self- 
induced E.M.F. lags behind the current by a quarter 
period. If, now, the armature is rotated by external 
power with slip frequency, there is no cutting of field 
lines by the armature winding and the machine acts 
simply as a dead resistance. By increasing the im¬ 
pressed speed, so that the winding rotates with a speed 
greater than that of the field, the E.M.F,^*^enerated 
changes sign, that is to say, it* leads relatively to the 
current by a quarter period. The faster the armature 




Fig. 11.—Diagram of phase Fio. 12.—Diagram of phase 

advancer with field wind- • advancer without field 
ing. winding. 


is driven the greater is the phase-advancing eflect on 
the rotor currents of the motor. 

The principle on which a locus diagram of an induction 
motor with slip-ring phase advancer may be constructed 
has been given in a previous paper * and need not be 
repeated here. It is, however, interesting to note that 
the theoretical locus curve deduced on the assumption 
that there is no saturation is beneficially altered by so 
designing the Scherbius armature that at full lpg.d there 
shall be considerable saturation. Referring to Fig. ^ 4 
of the previous paper, ES, the ohmic voltage loss in 
rotor and advancer, is approximately proportional to 
the phase current f ^^Iso to the excitation producing 
the leading E.M.F., but this E.M.F. (SB in 4) is 
not strictly proportional to the current. As the satura- 
tion increases, the field increases only according to the 
magnetization characteristic, and the E.M.F. injected 
increases a little less than the field because with incre^- 
ing load the slip increases and the excess of armature 


♦ G. Kapp : ** Phase Advancing,” Journal 1213, vol. 61, 

^ t The proportionality wc^d be perfect if it^were not for the 
fact that the contact-drop at the brushes and 
follow strictiy Ohm’s law. For^he sake of simplicity ttiis 
ing influence is here neglected. In the discussion of the osciUatmg 
phase advancer the increase ot resistance with dimmishmg current 
however, taken into account. 
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speed over the speed of the revolving field becomes a 
Httle smaller, especially if the advancer is driven by 
the motor itself. The liff^ct of saturation can be taken 
account of in a very simple manner, whilst that of 
speed variation is not serious and can also be easily 
corrected. Let, in Fig. 13, OE be the no-load current 
and EC the radius of the Heyland circle. ES repre¬ 
sents the ohmic voltage-drop in one phase. By a 
suitable scaje it may also represent the excitation on 
the magnetizing characteristic Eee. With constant 
speed of cutting," BS represents, then, also the injected 
E.M.F. Draw EB and" prolong to C', This is the 
centre from which the larger circle of Fig. 4 (of the 
quoted paper) must be struck. Mark the point D on 
the Heyland circle so that ED represents the phase 
current to which the voltage-drop ES corresponds, and 
draw a circle with E as*centre. Where tliis circle inter¬ 
sects the circle struck from C' is the locus. EB repre¬ 
sents the slip volts and from this can be found the slip. 
Having detennindd the slip we can calculate what small 
reduction In SB is required to account for diminished 
relative speed between the rotating flux and the rotating 
winding and repeat the construction. The resulting 
locus curve has the character shown in Fig. 13. The 
effect of saturation is to avoid excessive phase-advancing 
at heavy load and yet obtain a satisfactory power factor 
at lighter loads. As will be. seen from the locus curve, 
the overload capacity is sensibly increased. 

The author is indebted to Messrs. Brown, Boveri, the 
'makers of the Scherbius phase advancer, for the fol¬ 
lowing examples of the practical results achieved with 
these machines. In all cases the frequency is 60. The 
liife marked ** Recovery ** contains the wattless leading 
"kVA by which^'the lagging kVA of the motor working 
alone has been reduced. In some cases the reduction 
is great enough to make the phase angle negative. 
The slip is that of the motor at full load working alone ; 
this, with phase advancing, is more than doubled. The 
exact increase can be calculated from the slip-ring 
voltage, current and recovery. 


Scherbius Phase Advancer, 


B.H.P. of motor 

150 

420 

500 

1700 

Slip-ring volts 

300 

636 

770 

1030 

Injected'Volts 

10-6 

21-6 

26 

14 

Slip-ring amperes.. 

260 

380 

360 

900 

kVA of advancer.. 

4*7 

14-2 

161 

22 

Original slip, per 

3 

1-6 

2-6 

1 

cent 





Origfnal power 

0-87 

0-86 

0-78 

0*91 

factor 





Improved power 

1 

0-96 

0‘995 

0-966 

factor 

— 

Leading 

— 

Leading 

Recovery kVA .. 

66 

290 

285 

960 


Oscillatory Type of Phase Advahcer. 

#« 

Tffe author's phase advan<?er, more generally known 
under the name “ vibrator," has“already been described 
in^his previous paper and the description need therefore 


not be repeated. It may, however, be of interest 
to note that its action is simply that of a condeifeer 
of very larg^ capacity and that this capacity has a fixed 
value for every type.* Let m be the hiass of the arma¬ 
ture reduced to its radius and to mass units of 9 • 81 kg, 
the flux in megalines produced by the external d.c. 
excitation, and r the distance between armature con- 



Fig. 13.—^Locus curves of induction motor furnished with 
phase advancer. 


ductors in centimetres ; then a characteristic constant 
for any type of vibrator is 


m \tJ 


♦ In the following note the expressions differ from those in the 
text mainly in that they involve Mr, the moment of inertia, and 
jZ/,/, the total number of conductors on the armature, instead of 
the author’s m and r. 

The quantity of electricity in a condenser is 
Q a ^idt =» Ce 

where p is the capacity and e the voltage at the terminals. In 
the case of the vibrator we have 




Mrw 

9-81 


where (T is the torque in kilograms (force) at a metre, Mr is the 
moment of inertia in kilograms (mass) at a (metre)*-*, and o) is tlie 
angular velocity at any instant. 

If Za is the total number of conductors on a 2-pole vibrator, 
0 the ffux per pble in megalines, then the instantaneous watts 


therefore 

also 


s ei « X 10-^ X 9-8.1 X w 

9-81 X 27r 


■ (P X 


9- 81 X 27 r 
* X 10 


Zap X 10-2 
_ 2jr6 _ 

xTO-a 


\Tr f 


Tdt 


\idt = MrX ;^“XlOtxe 


9-81 X 27r yM«|> 
* Zap X 10^ 9-81 


The vibrator therefore behaves eleHri^^y as if it had a 
capacity 

C — Mr X X 10* farads 

Referring to the text it will be seen that r « 2TrrtZa, where r 
is the radius in centimetres at which the conductors are placed. 

9-81 w>T^ ^ 

If now, instead of Mr, ^e write —— to bring the expression 
to the units of the author, wc get 0 = o7^(^) •—'v. 
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and the equivalent capacity of a static condenser is 
Cf = -5 farad 

From this relation it follows thft the leading t.M.F. 
injected is 

e = B —volts 

where I is the current, and fo^the circular slip frequency. 

Although current and slip are not strictly proportional, 
both increase fogether and it follows that, even for light 
loads, a good power factor can be obtained with an induc¬ 
tion mQtor by adding a vibrator. This is illustrated by 
Fl*g.\14 giving the power factor Sor’^ 330 b.h.p. motor 
when working alone and when working with a vibrator. 
The author^is indebted for these curves to the General 
Electric Co! They refer tq a motor supplied to the 
Sutton Heath and Lea Green Collieries for a line pressure 
of 6 000 volts, 60 cycles, and a speed^of 1 460 r.p.m. 



rhe loss of power in the annature may be expressed 
by where p represents not only the armature 
resistance, but also the contact resistance at the brushes 
and the equivalent values for iron and frictional losses. 
Let be the resistance of the rotor phase, then this 
with the vibrator in circuit is increased to 

B = B 2 “h p 

Since p includes iron losses and mechanical friction, 
both^ of which depend on the speed, its value is not 
absolutely constant, though always small in com¬ 
parison with crest value of the speed of the 

armature lies generally between the limits of 600 and 
1 600 r.p.m. Taking some mean value, say 1 200 r.p.m, 
or 20 revs, per second, we calculate o) as shown below 
as a first approximation and from this the crest value 
of the speed. If this comes out difierent from the first 
assumption of 20 revs, per second, we determine the 
new value of p and froai this the corresponding value 
of et) in a secondj^J^proximation. Since the influence 
of a change in p is very slight, this second approxima¬ 
tion ig genesrally sufficient. It is not necessary to 
burden this ^ paper with the complete theory of the 
vibrator, but^some hints as to its practical applications 
and ""th^ method of constructog the locus, diagram 
may be useful. Let, for an induction motor, tlie 


Heyland circle, the circle ratio, the working point 
at full load, the open slip-ring voltage, the rotor current, 
the phase resistance and the slipobe given. The ques¬ 
tion is what t 3 rpe of vibrator must be used to get 
approximately unity power factor. To design the 
vibrator specially for each case so as to get precisely 
a given power factor, either leading or lagging, is not a 
good commercial policy. A strongly leading power 
factor, although it can be obtained by a vibrator, is in 
any case undesirable because the large increaSe of rotor 
copper lieat could no longer be compensated by the 
saving in the stator copper heat, so that the output of 
the motor would be reduced. Whether the power 
factor is a few per cent leading or lagging is of little 
importance; but what is of importance is that by 
the use of the vibrator a substantial percentage of the 
full-load kVA shall be recovered in the shape of leading 
kVA and given to tlie line. By substantial the author 
means anything between 40 and 70 per cent. This per¬ 
centage depends primarily on the original slip and ,the 
frequency of the supply; the lower these values are, 
the greater is the recovery. 

Let, in the following, coj be the circular frequency 
of the line, B the open-circuit phase voltage of the 
rotor, coq the circular slip frequency when the motor 
works alone, <x>g the circular slip frequency when the motor 
works witli the vibrator ; and let 

n cos . injected E.M.F. 

H ;- where tan a =-- 

^ sin a BI 


Then the following relations obtain: 
Crest value of circumferential force F • 


;0-14 

F 




kg. 


Crest value of circumferential speed v =— metres 

*• ^ fJWg 


per sec. 

Circular frequency of slip ^ 


B 


Increase of original slip —• 




277 - 


The relation between j 8 and tan a may be taken from 
Fig. 16. 

Having thus obtained tan a we find co and the injected 
BI 

E.M.F., e = —* 

O) 

The crest value of the armature speed in r^vs.^per 
sec. is 

100 


U= V 


nD 


where D, the diameter of the armature, is in centimetres. 
If this comes out wideky diflerent from that at first 
assumed, p must be calculated afresh and the'calcula¬ 
tion for cog, j 8 and tan cu repeated. The 'correction is 
g^snerally srgialL In a rough approximation tan a mcsy 

also be taken to represent the ratio 
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But more accurately tliis ratio is represented by the 
dotted curve in Fig, 16. 

Fig. 16 shows" to seal^ the locus curve*for a 12-pole 
1090 b,h.p. motor provided with a 16*6 X 30 cm 
vibrator; terminal voltage 6 600, frequency 60, open 


the fact that contact losses at the commutator and slip- 
rings do not follow Ohm’s law. The effect on thejocus 
curve is seen in its shape near the origin. 

The exmting force is 6 000 ampere-turns for each 
armature, involving for all three armatures an expen¬ 



Fig? 16.—Showing the relation between and tan a in vibrator. 


slip-ring voltage 676, normal full-load slip 0*8 per 
cent. On account of this unusually small slip the 
power factor is slightly leading above half load, and at 
full load the recovery is nearly 80 per cent. The motor 
is direct coupled to a generator which supplies single¬ 
phase current to a circuit distinct from the general 
three-phase circuit. * 

The data of the vibrator are: Armature 16*6 X 30 
cm; commutator 12*6 x 22*6cm; mass 3*9kg ; ffux 



4 megalines; 5 = 0*088. The equivalent resistance 
is not constant, but depends on the speed and 'the 
rotor current. It is given in the following table: 

I = 6(JP 460 400 ''SOO 200 100 

p = 0-006 t^-0063 0-0072 0-010 0-0166 0-060 

0-0174 0-0177 0-0186 0-0214 0-0279 0-0614 

The rapid increase in p at very Kght load is due to certain ^ 
8ons£ant losses such as brush friction, iron losses and 1 


diture of about 600 watts. From the mathematical 
investigation above cited it will be seen that the phase- 
advancing effect of the vibrator depends on the square 
of the ffux and is inversely proportional tp the mass. 
This points to the use of 2-pole armatures of small 
diameter and comparatively great length. The propor- 



Fig^ 17.—Arrangement and coimections of Kapp vibrator. 

tion found in practice to be suitable is about 1 to 2. Since 
the air-gap can be made very sfhalLthe power required 
to produce the strong field is not veaig large; it varies 
from the smallest type (5 = 10 cm) tq the largest 
hitherto made (5 = 16-6 cm) between | kW. and 
1 kW, which means from 0 • 25 to 0 • 1 per cent of the power 
of the motor. 

The connection of the vibrator with *ttLe sljp-rmgs 
may be either in star or in delta. The choice depends 
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on which type comes nearest to the given full-load 
rotor current, but as a general rule delta connection 
is preferable because of the smaller cuTren;h As the 
vibrator is essentially a low-voltage machine it is 
advisable to make it the star point of the rotor'circmt. 
This has the advantage that nS switch of any kind 
is required. The starter must be insulated on all its 
six poles. On starting, the hi^-frequency current 
goes through the vibrator and makes its armatures 
merely quiver; as the slip frequency decreases they 
begin to oscillate, and when the starter is completely 
short-circuited 'the oscillation has reached the full 
amplitude. The inductance of the armatures being 
only a very small fraction of that of the rotor phases 
there is practically no reductiJm *in starting torque 
when the vibrator is in circuit. Where the starts 
is only insulated at three poles a change-over switch 
must be provided which makes contact with the vibrator 
before it disconnects the starter. 

The housing of the armatures in^a common magnet 
frame and the connections between the phase advance 
slip-rings and starter are diagrammatically indicated 
in Fig. 17. For star coupling the brushes a^ bi Ci 
are joined together and tire brushes a b c ^e con¬ 
nected to the slip-rings. For mesh coupling the 
brushes aj and b axe connected to slip-ring C; bi and 
c to sUp-ring A. and Ci and a to slip-ring B. If ^e 
phase-advancing is only carried to about unity, but 
does not niake ^ negative, tliere is no appreciable 
increase in rotor current, so that there is no mcrease 
in rotor copper loss; there is, however, an appre¬ 
ciable reduction in statot current and therefore a sar^g 
in stator copper loss. For the same total copper heat 
the permanent rating of the motor may therefore 
■be slightly increased. Where the rating is fixed with 
regard* to short-time overloads, tiie increase in rating 
maf be eonsiderable (20 to 30 per cent), so that the cost 
of a motor with phase advancer will not appreciably 
AvroA/l that 6f a larger motor without phase advancer. 

The power lost in the phase advancer is very_ small 
and is approximately compensated by the sai^g m 
stator copper loss, as will be seen from the followmg 
figures for wliich the author is indebted to the General 
Electric Co. 


The values two-thirds and one-third have been arrived 
at by investigation of the working conditions of a- 
number of Italian supply companies and may, on lie 
whole, have correctly represented the economic con«h- 
tions of the Italian hydro-electric undertakings. It is, 
however, not o, pfioti certain that it would also e 
correct for English electricity works. At any rate this 
system of metering has not found favour in this coimtry; 
Possibly, also the fact that the consumer^ could not 
read ofi on this meter what was actually the en^gy 
for which he had to pay was a drawback. Both ^ese 
disadvantages have been overcome of late years by a 
further development of the Amo principle which will 
be described later. 

In this country two methods of chargmg have been 
employed. One is known under the name of the 
"Midland tariff.” Under -this, the charge for energy 
consists of two parts, namely, a fixed amount per 
maximum demand for kVA or current taken at any 
time during a month or a quarter, pliJs a fla.t rate pw 
unit for the energy actually consumed. Thip reqmres 
tlie provision alongside of the .ordinary cosme meter 
of a maximum-demand indicator which must be so 
constructed that only a'demand sustained over a 
reasonable time can influence it, as it would cjearly 
be unfair to penalize the consumer for an accidental 
short-drcuit. The advantage of this system is that 
the consumer can read for himself on the energy meter 
what amount under the flat rate he will have to 
and on the maximum demand indicator what the fixed 
charge per kVA will tot^ up to. 

Under the other system, also, two meters are used. 
One reads true energy, namely 


r 


kVA cos 




B.H.P. of motor 

850 

376 

800 

ILoss in phase advancer in¬ 

2 000 

3 740 

3 900 

cluding excitation, watts 
Sa\dng in primary copper loss. 

1900 

4 600 

4 400 

watts 





Meters and Tariffs. 

More than 10 ^^s'^ago Professor Arno, of 


invented a meter,^ch takes account of power factor 
in tlie followignig way. The meter registers on tl^ same 
dial two-thiFds of the true energy plus one-tlmd ot 
the kVA-hours. This is achieved in a simple and quite 
inexpensive Vay hy adjusting the ^angular setting o 

the pressure "^oil.* 

* Journal 1913, vol. 61, p. 270. 

VOL. 61. 


and the other reads 

J kVA sin = B 

From these two readings the average ehergy factor is 
found by the equation 

^ _ 

:;7p2 4 . jB2) 

and the charge is made out for a flat rate and ^or the 
quantity 

^ cos 9 

which is obviously nothing else -than total kVA-hours 
multiplied by cos ^o- Since cos the lowest per¬ 
missible power factor prescribed by tlie compmy, is a 
constant, the company simply charges at a flat rate 
for 1ke number of kVA-hours or, if the voltage m^'* 
be considered constant, for coulombs. In both tariffs 
the usiial coal clause aild discount to large consumers 

can be embodied. '* . 

A method not quite dS simple, as Amo s, inasmu^ 
& it requiifes two meters instead of one, is im use by 
ksome supply companies in Prance. Arno’s ^eter 
integrates and shows on ‘one dial two-third^ of the 
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real power and one-third of the kVA-hours. In the 
-French method one meter shows the real energy and 
the other the reactive epergy or JkVA sin The 

account is made up on a flat rate on the sum of the 
units registered on the cosine meter plus a certain 
fraction of the units shown on the sine meter. Here 
also, as in the case of the Midland tariff, tlie customer 
can by inspecting liis meters find out for himself not 
only what the actual amount of energy he has used, 
but also what he has to pay for it. The meters are 
made by the 'Compagnie pour la Fabrication des 
Compteurs of Paris in a^great variety of types and com¬ 
prise also a special type, having three dials, for large 
consumers. On one dial is shown the actual energy, 
on the other the reactive energy, and on the third the 
sum of the real and a fraction of the reactive energy. 
The exact value of this fraction is agreed beforehand 
between the supply company and the consumer according 
to the character of his installation, and is provided for 
by the selection'of suitable gearing. 

MessrsT: Aron Electricity Meter, Ltd., manufacture the 
Hill-Shotfer maximum-demand kVA indicator for use 
in conjunction with the ordinary cosine meter. Since 
the plant capacity from the generator to the consumer's 
terminals is dependent on the current irrespective of 
'pressure and frequency, the instrument is made to 
register simply the maximum current sustained during 
a certain time-interval, although the dial is marked 
in kVA corresponding to the declared pressure. The 
demand indicator is arranged on the Merz principle, 
the releasing mechanism being tripped at regular time- 
intervals by an automatic clock mechanism which is 
worked by a shunt circuit ofl the supply leads. The 
time dementis housed in the same case as the meter 
proper and, since the working agent is merely current, 
the indication is correct for any frequency.* For 
balanced loads the instrument may be used in one 
phase only, but in cases where the supply given to 
unbalanced loads has to be metered a special three- 
rphase type is made. In such cases the maximum 
demand does not occur in all phases at tlie same time, 
and the sum of these maxima must exceed the true 
simultaneous maximum. The supply company, how¬ 
ever, has to provide plant capacity in each phase 
corresponding to its individual maximum and not for 
the simultaneous maximum loading in all the phases 
combii>ed. If vdth a balanced load 300 amperes were 
the combined maximum demand, it would obviously be 
inadmissible to allow 160 amperes on each of two cables 
and zero on the third. In such a case of serious unbalanc¬ 
ing the use of three maximum-demand indicators is 
justi;p.ed.'^ For only moderately unbalanced loads the 
makers Irecommend a combined polyphase indicator 
containing three separate current elements, and this 
indicator** is accurate provided the imbalancmg is 
such that at times of maximum load the current 
in any one phase does not differ from the mean value 
of the currents in the other two phases by more than 
60 per <Sfent» 9 f that mean value. 

Messrs. Chamberlain and Hoahham, Ltd., have recently 
ddVelop^d minimum and^ maximum energy factof 

» * See correction to this sentence in the remarks pf Mr. E. W. 
Hill, page 115.—M. W. 


indicators which require no time mechanism. The 
minimum instrument consists of an ordinary cpsine 
meter and a sine meter having, in addition to the usual 
pointer, aiiT indicator. The cosine ip.eter has a contact¬ 
making* device which comes into action after a predeter¬ 
mined amount of energy has passed through the meter. 
In the sine meter is an electromagnet whicli, when 
energized, releases the gear and allows the pointer to 
return to zero under the action of a spring, the indicator 
remaining at its then position. Suppose the contact 
has been set for 10 units. Every time this amount 
of energy has passed the sine meter returns to zero 
and, since the lower the energy factor the further will 
the indicator be pushed, its extreme position corresponds 
to the minimum Cne^gy factor which has occu/rdd 
during a given period. The dial of the sine meter may 
be marked qither in kVA-hours or directly in cos 
To reqord the highest en^gy factor occurring in a 
given time tlie contact nievice is put into the sine meter 
and the cos <f> indicator into the eosine meter. 

In order to ascertain the general trend in the supply 
industry as regards discriminative tariffs, the author 
has made inquiries of some of tlie larger power companies 
with the following results. On the whole the iijipor- 
tance of framing the tariff so as to induce consumers 
to take their supply under a good power factor is 
recognized, but the question is (owing to the unsettled 
industrial condition) still in a state of flux. Thus one 
company writes that previous to the war tj^ey charged 
£1 per quarter per kVA of maximum demand plus a 
flat rate of 0*26d. per unit, but that owing to the 
increase in prices they had tcf advance their charges 
and, everjrthing being so uncertain, they prefer not to 
state any definite, figures. 

Another company writes with respect to tarifl? 
adjustments according to power factor :• “ It ^ill be 
inopportmie for you to refer in your paper to tlie figures 
we gave you last year, having regard to the possibility 
of it now being found necessary td amend them." 

The engineer of a third undertaking, who wishes to 
remain anonymous, though he permits tlie author to 
mention figures, explains that he uses two cesine meters, 
one with the pressure phase reversed, so as to get not 
the sum, but the difference in the two-wattmeter system. 
From the two readings he finds tan ^ and from this 
cos The units shown on the true energy meter are 
increased in the ratio 0-8/cos and half tliis increase 
is clfarged in addition to tlie true units. ‘ 

South Wales Electrical Power Distribution Co. —^This 
company charges on tlie basis of the following figures 
per maximum kVA demand (reduced from true energy 
by dividing by the energy factor) plus a flat rate of 
0'26d. per unit. 

For the first 600 maximum hourly units per month, 

7s. 6d. each. 

For the next 1 600 maximum houflj^^units per montli, 

6s. each. 

For all further hourly units per month, 6s each. 

It is convenient j;o put this tariff into mathematical 
form. Let D be the maximum demands in unilS, d 
the flat rate per unit, V the units of true energy con- 
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sumed in one month, and cos <f> the energy factor. Then 
the monthly charge in pence is : 

For D up to 600,^ 

Pence = ^{alf} + dV 
For D between 600 and 2 000, 

Pence = 500 + ai(D — 600)} -f- 

cos (p ^ 

For D over 2 000, 

Pence = —^ ^ 600+ a 2 (l^ — 2 } + ^^^ 

cos <j>^ 

a = 90, ai = 72,®a2^ 60. 

The North Wales Power and Traction Co, write: 

** Our standard price at present (March* 1922) is £6 
per kW of maximum demSCnd glus fd. per unit; and 
in the case of bulk supply we specify in the power 
agreements that the power factor shall be kept as near 
unity as possible. With industrial works supply we 
specify that the power factor shall not be less than 
0*86, and secondary equipment is installed to our 
reasonable satisfaction, so that we can take exception 
to any plant which gives poor power factor.'* 

The Yorkshire Electric Power Company write: Our 
tariff for power supply is made up of two parts : (1) A 
charge per kVA of maximum demand. (2) A charge 
per unit. This tariff definitely encourages the consumer 
to have regard to the power factor of his installation, 
and in a number of cas^ consumers find it economical 
to introduce special means for improving the power 
factor of their installations.** 

The Scottish Central Electric Power Company write : 
This ^company has not so far introduced a tariff to 
indupe consumers so to arrange their plant as to provide 
a good power factor. W^e have the usual Penalty 
Clause* in r^pect of low power factor in our agree¬ 
ments for supply, but, owing to the difficulty of 
•enforcing this, it is rarely brought into operation.** 

The City of Sheffield has a tariff * for power based on 
;a fixed charge per maximum demand in kVA and, in 
addition, a flat rate per unit, with discounts varying 
according to quantity. The rates originally published 
in 1913 have now been doubled, and the charges made 
to large consumers taking a high-tension supply in 
hulk» for any purpose required amount at pr^ent 
.(March 1922) to a fixed charge of £8 per annum of 
Tnavimiim demand in kVA and a flat rate of 2d. per 
unit, less a discount of 76 per cent. The rate is subject 
to the signing of an agreement embodying a clause 
adjusting the discount according to the price of coal, 
:also a minimum payment per annum and a term of 

The Calcutta Electri^ Supply Corporation limits 
consumers to a powpr factor of 0*8, and the consumer 
obtains a bonus if4ns power factor is better than 0 85. 
The bonus is in the form of a rebate for each 1 per cent 
by which thiP power factor exceeds 86 per cent. 

The Clyde Valley Electric Power Co. have given the 
author the following particulars about power factor and 

♦ See correction to this paragraph in the remarks of Mr; S. E. 
Fedden, page 114.—M. W. 


tariff, with permission to embody them in this paper 
The mean power factor of our system averages about 
0*72 over a week, ranging fTom about 0*66 to 0*82 
daily. We estimate that the increased loss in our 
11 000-volt distribution system due to the difference 
between unity power factor and the power factor 
obtained is 3^ per cent. The increased loss in trans¬ 
formers and generating plant we put at 0*6 per cent 
and 0*76 per cent respectively, or a totrl increased 
loss of 4*85 per cent. To this must be added the in¬ 
creased‘steam losses consequent on running additional 
turbo plant to deal purely with the kVA demand. 

A further direction in which we estimate that we suffer 
considerable loss in revenue is the impaired voltage 
regulation at the customer*s terminals due to the 
lower power factor. The company, therefore, some time 
ago decided to insert a Power Factor Clause in^ the 
standard rates. After careful consideration a ' standard 
power factor * of 0*8 lag was adopted. The present 
standard rates are: 

0-260 kW of maximum demand: £10 per ,annum, 
plus a running charge of 0 * 4d. per kWh consumed 
with coal at 20s. per ton. 

" 1 000 kW of maximum demand: £8 per annum, 
plus a running charge of 0 * 4d, per kWh consumed ‘ 
with coal at 20s. per ton. 

“ 10 000 kW of maximum demand; £6 per annum, 
plus a running charge of 0 • 4d. per kWh consumed 
with coal at 20s. per ton. 

** And pro rata for intermediate quantities. 

" The power-factor rebate is given on tlie maximum- 
demand charge, the running charge of. 0*4d. being 
unaffected. With a standard power factor of 0*8 
the rebate obtainable with unity power factor is 20 
per cent. With a power factbr of 0*6 lagging, the 
penalty becomes 33J per cent, in addition to the 
maximum-demand charge. In the case of a customer 
with a maximum demand of 1000 kW, the rate 
per kW at unity power factor would be £6 8s.; 
and with 0*6 lagging power factor it would be 
£10 13s. 4d., the running charge of 0*4d. per unit 
being additional in both cases. The rebate is given 
up to unity power factor, and no allowance is made 
for power factors on the leading side, these being 
treated on the same basis as unity power factor. We 
have given careful consideration to the question of 
metering the power factor, and the system which we 
consider introduces fewest difficulties in our Accounts 
Department is the method of registering the wattless 
component. The metering of power is accoijxplished 
by the three-wattmeter metliod, and to measure "the 
wattless component only requires the addition of one 
further wattmeter, which does not in any way interfere 
with tJ^e ordinary metering. We arrange the connec-^ 
tions of this wattmeter so that the reading is forward'' 
for lagging and the reverse for leading power factor. 
The wattless componenf and the kilowatt mejers are 
read at the end of each (juarter, and the 'power factor 
is deternrined from the relation of the respective reading^. 
C5ur Mr. McCoU has desired a slide rule with which 
®the poweV factor can be readily determined by ^ny. 
non-tedinical person. The method of power-factor 
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meitering which we have adopted gives the consumer 
the advantage of off-time phase-advancing; that is 
to say, where static*^ c^^ndensers are employed these 
may be left in circuit continuously, and the wattless 
component which has been registered on the lag side 
may be cancelled during off hours by the leading current 
of the condensers/' 

The eipamples of tariffs cited show that the tendency 
in the supply industry is rather in the direction of a 
fixed charge for the maximum demand, augmented by 
a hat rate per unit, than only a flat rate adjusted accord¬ 
ing to power factor. The latter is unscientific and can, 
under circumstances, be unfair to either the consumer 
or the company, as can easily be seen if we consider 
two cases which may well arise in practice. 

Assume that a consumer installs, only synchronous ] 
induction motors. His power factor will always be 
leading, and on a flat rate based on and proportional 
to cos c^olcos ^''he will alwa37S pay too much. Yet as 
long as his neighbours have a lagging power factor he 
is benefipng the supply company. Only in the unlikely 
case that all consumers were to use the whole supply 
to work phase-advancing motors would the company 
also be injuriously affected. 

On the other hand, a consumer may use ordinary 
motors and correct the general power factor of his 
whole installation by static condensers. With a load 
factor of 0*83 he will consume, every working day of 
8 hours, 660 units for every 100 kW of his peak load. 
Under a tariff which allows him an energy factor of 
0*86 without penalty he will be able to make the: neces¬ 
sary correction by installing condensers, but he will 
not install njore than are absolutely necessary. His 
mean load is 0* 83 of the peak load, and his power factor 
at. peak load may be as low as 0*7. Taking this as a 
reasonable figure, we®find that at peak time his 
condensers will have to inject 39 kVA for every 100 kW 
of peak load. If he leaves the condensers in circuit 
for 24 hours a day he can reduce their capacity to 
one-third and yet keep within the permissible power 
factor of 0* 86. But at peak time his power factor will 
be only 0*78, and as the intention of the tarifi is to 
make the consumer pay his fair share of the additional 
curr^t. load on the plant at peak time, he- ought 
to pay 0>*86/0-78 = 1* 11 times the minimum rate. 
Actually he only pays the minimum rate. The com¬ 
pany ^receives 11 per cent less than corresponds to 
the intention of the tariff. 

Such anomalies cannot occur under a majdmum- 
demand tarifl. The consumer may leave his con¬ 
densers rin circuit permanently without depriving the 
company of a certain percentage of the revenue to 
which they are entitled, because the fixed charge is 
not influenced, or is- only slightly influenced, by en^gy 
factor. For the same reason the consumer camot be 
^penalized for doing a littile more phase-advancing than 
is- necessary. The basic idea pi the two-part tarrfif is 
that thjp- fixed charge for maximum demand should 
recompense the company fo|j[ cg:pital outlay incurred 
Qjift account- of each dbnsumeri whilst- the fiat rate p^r 
uruib slfould recompense ?he^pL for running costs, If^ 
tdie^voltage at consumers’ terminals is- kept constant, 
the maximuirt kYA demand can- be found from a* 


maximum-current indicator scaled in kVA. Under 
these conditions the metering becomes a very simple 
matter. 411 -that is wanted is a coulomb meter com¬ 
bined with a time element wliichi* brings the pointer 
back at regular interyals of 10 or 20 minutes, leaving 
the indicator in its farthest position, and an ordinary 
cosine energy meter. Neither energy factor nor power 
factor enter in the making up of the total charge, and 
the customer can hy inspection of the two meters find 
out for himself what energy he has used during a month 
or a quarter and how much he has to pay for it. This 
is an advantage, especially with small consumers, who 
cannot be expected to understand the mathematics of 
power and energy factor. • ^ 

The condition or constant terminal voltage may.'hot, 
however, be strictly maintained. If the voltage is 
higher than the declared voltage on which thj^ maximum 
demand indicator is scaled, the number of kVA read 
off the indicator, and also the fixed charge, will be too 
low, to the detriment of the supiSly comply. If the 
terminal voltage decreases, the indicator will show too 
large a value for the maximum kVA, to the detriment 
of the consumer. The greatest voltage-drop occurs at 
peak time and, generally speaking, this is the* tiihe 
when consumers individually have their own peak 
demand. The result is that the fixed charge will be 
in excess of that for the true maximum kVA demand 
in the same percentage as the actual voltage falls short 
of the declared voltage. 

The error thus introduced by excessive voltage-drop 
may be appreciable and, as h: is always against the 
consumer,, we find that most supply companies.do not 
use the simple (coulomhs)/(time) indicator, but replace 
it by a (umts)/(time) indicator, and translate the^ 
reading into maximum kVA demand with reference 
to the energy factor by dividing the number of pmts 
’ by cos Under this more accurate system of*metering 
"three instruments are required (1) A maximum- 
demand kW indicator which is a cosine meter with a 
time element; (2) an ordinary cosine energy meter; 

(3) a sine meter to record /El sinj>dt. From 
the two last-named instruments is founa tan^, and 
from this cos ^. 

If Pq = maximum kW demand, 

P 5s= maximum kVA demand, 
m =» charge per maximum kVA demand, 

U =ss number of units consumed, 
d ==» fiat rate, -then 

p s= —^ ; and the total charge == mP + dU 
cos. 9 

Under this; tariff, there is no necessity to place the 
consumer under any restriction as to a minimum power 
factor. The latter may be as bad as suits the consumer's 
method of working his macbjaery,. because its effect 
will make itseH felt in the ener^ factor and thus 
appropriately increase the fixec^ charge, thereby 
Fecompensing the supply company for •their- greater 
expenditure on electrical’ plant 

In concluaon the author thanks the various firms 
and engineers- of •power supply und^akmgsi fo? the 
infocmation which they have kindly supplied to enable: 
him to present thig, paper. 
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Discussion before The Institution, 16 November, 192?. 


Mr. LL B. Atkinson : The circumstances in wliich 
this paper is read to-night are most unusual. The 
paper was presented to the Institution in April of the 
present year, and four months later the author had 
died. We are deeply indebted to Prof. Miles Walker for 
having carried the work to a point which has permitted 
the reading of the paper to-night. Gisbert Kapp 
was one of my earliest and most intimate friends in the 
electrical world. The last time I saw him was during 
my tenure of office as President of the Institution, 
when 1 spent a night with him s?t h^s home at Birming¬ 
ham. We had been to an Institution meeting, and, 
when we got home, his family and household had 
retired to hed. He said to me: Atkinson, we must 
have a night like we used to do,r,and a long discussion.'' 
It was then about half-past ten. Jhe discussion con¬ 
tinued until between two and three in the morning, 
just as in the days when we were young men we would 
spend half the night discussing many of the difficult 
problems which confronted us in those days. To me, 
and I am sure to him also, it was a great delight thus 
to revive a form of entertainment and instruction in 
which we had so often taken part in our young days, 

I realized at that time that he was failing physically 
very fast, but he was mentally—as this paper shows— 
as alert as’ever. It is difficult for me—and there are 
one or two members present who will recollect those 
early times—^to realize how, when Kapp began his 
work "on the dynamo and other electrical subjects, 
he and all of us were groping in the dark. I saw, in 
those evenings I spent with him, how step by step 
he was coming to the idea of the magnetic circuit, which 
finally .pnlpcked so much. I believe the brothers 
Hopkinson published the same idea before he did, 
though not in the &ame terms, but nevertheless Kapp 
was working on the idea before anyone else in the 
electrical world had got a grip of the fact that we could 
use the idoa of a circuit for magnetic actions in the 
same way as we had been accustomed to use the idea 
of an electrical circuit. That method, in fact, was a 
revolution. After that Kapp went on, always as 
a leader—at one time he was our President—and as a 
teacher. The transmission of power, alternating currents 
and many other matters in turn claimed his attention, 
always with some new illumination which he communi¬ 
cated to others freely, in teaching, in papers and in 
books, and now to-night, after he has gone, we still 
hear his voice and sit once more as learners at his 
feet. 

Dr. S. P.. Smith : The paper brings out to a certain 
extent the point that power factor improvement is 
not merely an economic question at the present time, 
but is becoming a question of necessity on certain 
systems in order to obtain a good voltage regulation. 
The question of the particular apparatus which ought to 
be used is, of course, no new one. We are greatly 
indebted to Dr. Kapp, however, for giving us such a 
valuable criticism of all the useful methods that are 
known at the present time. In this connection I 


should like to refer to two papers * pubhshed in 1909. 
It is interesting to note that Prof. Miles Walker, who 
has been so good as to revise Dr. Kapp's paper, was also 
a pioneer in this matter. In Mr. Mordey's paper, the 
conclusion arrived at in comparing static with rotary 
condensers at that time would seem to b'l confirmed 
to a large extent by the present paper i both as regards 
capital host and running cost, Mr. Mordey found that 
the rotary was more expensive than the static condenser. 
It is well known that in many systems the static con¬ 
denser is being used as a protective device, and it may 
well be that in some installations the static condenser 
can be used to serve both for protection and for improving 
the power factor, though the possible injurious effect 
of capacity where there are voltage ripples must not 
be ignored. One point in connection with the syn¬ 



chronous induction motor came out in a discussion 
which I had with Dr. Kapp, i.e. its low overload 
capacity. The synclironous induction motor is a com¬ 
promise, the synchronous motor being a machine 
with small armature reaction, and the induction motor 
a machine with large armature reaction ; combining 
the -^wo results in a small overload capacity, which may 
be troublesome in some cases and need special design 
to overcome it. In conclusion, I should like to refer to 
the final part of the paper, dealing with tarifis. The 
author has given us several methods® of charging. 

* W. M. Mordey: ‘'Some Tests and Uses of Condenses,” 
Journal I.EX, 1909, vol. 43, p.SlS. . 

M. Wa-lker : ‘ ‘ The Imprc^ement of Power Factor in Alternating- 
current Systems, ibid.^ vol. 42, p. 599. 
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Fig. A is taken from a publication of the Swiss Electro- 
1;eclmical Institution, and shows at a glance the effect of 
different methods’of cj^arging. 

Let power component fVI cos <j) dt = X, 
reactive component /VI sin <l>dt= F, 
total kVA-hours /VI dt = Z, 

Then curve A = charge according to X, 

C = charge according to X + 0 ‘SF, 
t) = charge according to 0 • 5X + 0 • &Z, 

E = charge according to Z^ 

F = charge according to X + F. 

In general, the charge may be proportional to 
(1 — a) X + aZ, since the generating cost depends on 
X, and the transformation and distribution costs are 
proportional to Z. Curve E thus represents the case 
when the generating costs are negligible compared 
with the transfopnation and distribution costs, while 
curve A represents the case where the only important 
cost is that of generation. The value of a must obvi¬ 
ously be adjusted to suit given conditions. In hydro¬ 
electric work a would obviously be very different from 
its,value with a steam generating station. Curve B 
shows how the cost can be increased by 1 per cent for 
each 1 per cent reduction in power factor below 0*8. 

Mr. K. Edgcumbe: On the last page of the paper 
the author gives it as his opinion that the correct 
charge is an amount per kilowatt-hour plus a fixed 
charge depending on the maximum demand, and he 
lays it down that this fixed charge should recompense 
the company for the capital outlay incurred on account 
of that consumer. This, I think, is the aim of every 
^supply undert 9 ^king. He goes on to point out that 
if the voltage can be regarded as constant, all that 
is necessary is a coulomb meter combined with a time 
element or, in other words^ an ammeter with a maximum- 
demand pointer, and that is undoubtedly the simplest 
method. The author, however, qualifies that state¬ 
ment by adding that the condition of constant terminal 
voltage may not always be fulfilled. But I am inclined 
to think that the alternative given by the author is sub¬ 
ject to another objection almost as strong and, apart 
from this, it is complicated, entailing three instruments : 
the ordinary cosine (energy) meter, a maximum-demand 
indicator and a sine meter. By taldng the readings 
of the sine meter and the energy meter, and dividing 
one by iSie other, the tangent of the angle can be found ; 
from that, in turn, the angle and hence the power factor 
can be calculated and the kilowatts may be read from 
the maximum-demand indicator. By dividing the 
one by tjie other, the maximum demand in kVA is 
obtained. ^ Now this appears to me to be a very elaborate 
way of arriving at the result, and it is subject to the 
objection that the power factor measured is the average 
power factor for the quarter. I do not thinks that 
ofie is justified in assuming that it was the con¬ 
sumer's power factor at the time he was taking his 
maximun^ demand. .Comparing the two systems, 
therefore: in Idle one case there is the possibility of 
the .voltage varying (ire favour of either the consumer 
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or the supply company), and in the other case there 
is the certainty that -the power factor assumed is not 
the power factor at the time of the consumer's maximum 
demand. Gf the two alternatives I ^prefer the former. 
The strong point in favour of that method is that it 
embodies a maximunf-demand ammeter which is at 
all times easily seen by the consumer; whereas in the 
other case he cannot tell until the end of the quarter 
what his maximum demand has been, and then it has 
to be multiplied by a constant, the object of which 
is difficult to explain, and the method of arriving at 
which is complicated. 

Mr. W. E. Rogers : When one first studies the 
power-factor-improvement ’problem, everything seems 
to point towards th|^ employment of static condensers^ 
until one realizes that the voltage question has an 
important bearing on the matter, and that unless about 
600 volts can' be applied to the condensers* they will 
not be a practical commeraal proposition. Moreover, 
the question of master patents arises. I should like 
to have some information in regard to the power factor 
of a.c. electric arc furnaces, and a.c. electric arc welding 
processes, etc. With ammeter,^ wattmeter and volt¬ 
meter readings a power factor of the order of 0*^4 or 
0*5 is indicated. It seems to me that there is a total 
absence of current during a certain portion of a cycle, 
and there is therefore no wattless current to correct. 
How is that power factor produced (if it is a power 
factor), and how is it to be improved ? Would not 
" equivalent power factor" be a more appropriate 
expression ? 

Mr. E. T. Williams: I had occasion to consider this 
subject recently in connection with a works whete the 
power factor was gradually becoming worse. The old 
agreement with the supply company was on tlie kilowatt' 
basis ; the main was being overloaded and there? were 
voltage troubles. We therefore had to face the problem, 
particularly as the supply company in their new agree¬ 
ment were charging on tlie kilovolt-ampere basis. 
After considering the various methods of dealing with 
the problem we installed a static condenser and, after 
testing it, found it to be a commercial proposition. 
From that time until the present we have not had the 
slightest trouble with it. I cannot but feel that all old 
agreements made on a kilowatt basis should be replaced, 
as they expire, by new agreements on a kilovolt-ampere 
basis. I also feel tliat in many cases where extensions 
or eijlargements of mains appear to be required, "the 
trouble might be overcome by providing some type of 
phase advancer. The great advantage of the static 
condenser is that one merely has to put it into position; 
it requires no attention, and is advantageous from the 
points of view of both the consumer and the supply 
company. 

Mr. W. B. Woodhouse: I think it is some 18 years 
since I first adopted a methodi^of charging based on 
kilovolt-amperes, with the object of^dealing with tliis 
question of idle current. The paper gives us some 
idea of the relative merits of the differei^t means of 
correction, but the problem we have to face*in practice 
is : Who shall do the correction, the supply undertaking 
, or the consumer ? Of course, if supply engineers ccfuld 
design all the installations, then motors would be 
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obtained with less magnetizing current than most of 
theiji now require, and we could in every way reduce 
the amount of idle current on the system. As that 
is not possible, the^user has to be encouraged to improve 
his power factor by a tariff. I .do not think it ds really 
necessary for that tariff to follow the cost line too 
precisely. A consumer should be proMbited from 
having a power factor of the order of 0*6 or 0* 6. That 
can be done by imposing regulations, but it should be 
made prohibitive in price for anybody to have an 
installation with so low a power factor. That can be 
effected by a fairly liigh kVA charge. I have dealt with 
a number of cases where the consumer has corrected 
the power factor and reduced the demand very sub- 
sftafitially. I have found syifi:lirt>nous motors very 
convenient for a number of purposes where there is 
continuously-running machinery. I installed one 10. 
years ago* which is still i;unning, and which has an 
automatic pressure regulator. This regulator is actually 
designed to regulate the pressure, but it also regulates 
the power factor, I believe that the installation of 
that particular machine, as compared with an induction 
motor, saves the consumer something like £2 000 a 
year. In another case, a very large installation—one 
of those dif5.cult installations in which there is a large 
number of heavy motors to meet peak conditions—^was 
working with a power factor of something like 0-5. 
That has been corrected by means of static condensers, 
with the result that the bill for current has been reduced 
by about £8 000 a year. 

Mr. C. L. Lipman : I agree with the author that a 
fair way of charging* *for electricity consumed, from 
both the consumer's and the supply company’s point 
of view, is to have a fixed charge for the maximum 
demand, augmented by a fiat rate per unit. In the 
last chapter the author repeatedly refers to the inte¬ 
grating j«vattmeter or watt-hour meter as tlie " cosine 
meter.” This name may be justified from the time- 
integral poifit of vfew, but is objectionable for other 
reasons. On the Continent by a ” cosine meter ” 
is usually meant a power factor meter and not an 
energy metftr. It is further surprising that in a paper 
dealing with the ” Improvement of Power Factor ” no 
mention is mad.e of power factor indicators. Wherever 
power factor regulation is attempted a direct-reading 
power factor meter is necessary, as it is out of the 
qu^tion to calculate the power factor from the readings 
of wattmeters, voltmeters and ammeters. It mis a 
well-known fact, and reference to Figs. 7 and 9b of the 
paper will confirm it, that in the case of synchronous 
machinery the power factor varies with the load on 
the machine. It is therefore of extreme importance 
to employ such a power factor meter as would indicate 
the exact power factor or phase angle between the 
current and the electromotive force, independent of 
the magnitude of thes^ quantities. Such an improved 
power factor m^r has recently been developed by 
the speaker, and possesses many novel and unique 
features. 14^ works on the principle of the ” component 
fields,” according to which the electromagnetic forces 
acting upoif the moving-iron systein are produced by 
field cgils having their axes parallel to each other in 
separate parallel planes, the moving element comprising 


a spindle (made up of one or more co-axial magnetic 
systems, which are being magnetized by individual 
pressure coils) and an appropriate number of thin 
iron vanes mounted thereon*^ in these parallel planes. 
The vanes are specially shaped, and their axes of 
symmetry are set so as to correspond to the time-elec¬ 
trical displacement (expressed, in degrees of phase 
angle) of the currents in the various phases of the 
system on which the instrument is to be used, i.e. 90® 
and 120® for two- and three-phase circuits, respectively. 
The di^tinguisliing feature of these ^ phase meters is 
that, owing to their special construction, no resultant 
rotating field is set up, and consequently no rota¬ 
tional drag torque ” upon the moving-iron system is 
produced, and the disadvantages arising from that 
torque are eliminated. The magnetic fluxes due to 
the current coils always oscillate to and fro periodically 
in parallel planes. The fluxes due to the pressure 
coils oscillate periodically up and down co-axially, 
thereby magnetizing the correspondsng iron vanes of 
the independent, but component, magnetic portions 
of the moving systems, these portions being iilagnetically 
separated by non-magnetic material. The turning 
moment on the moving System is therefore developed 
by virtue of the fact that a number of directive pulsating 
magnetic forces, due to the field coils, are regularly 
applied to the vanes magnetized periodically and in 
correct sequence by the pressure coils, which vanes 
may be regarded as magnetic levers mechanically 
displaced relatively to each other. The combined- 
electromagnetic effect is such that for any given power 
factor the moving system is in neutral equilibrium, 
and thus it is independent of the magnitude of the load. 

If the phase angle between the current and potential- 
difference of the mains alters by a given amount, the 
moving system will sliift by an equal amount, and will 
again take up a definite and stable pcsiticn correspond¬ 
ing to the new conditions. The position of the pointer 
therefore indicates the phase angle. For convenience, 
however, the scale is graduated in values of the power 
factor. 

Mr. W. M. Selvey : I should like to separate, to 
some extent, technical questions from the question 
as it appears to consumers. It is undoubtedly a fact, 
from the teclmical point of view, that the magnetizing 
current should be provided at the place where it is 
wanted, and that it should not be transmitted by the 
supply undertaking. Hence we are now adopting 
the practice of using a sine meter at a consumer’s ter¬ 
minals for integrating the total amount of magnetiza¬ 
tion. For a number of years I have been using ccsine 
meters reversed as sine meters for the accurate jdeter- 
mination of power factor on steady load. In connection 
with a comnierical load, however, the matter must be 
regarded from a rather different aspect. There are 
two "separate factors to be considered, tile capital 
' expenditure on mains and generating plant, and voltage 
regulation. The sine meter measures or adds up wattless 
units. or, as Mr. Woodhouse called it^ idle current. 
Thus it may be used t<?^ measure the magnetizing kVA 
^aken by ..all the motors ^ver the whole system.^ It 
cannot be applied, for icstance, to show the power factor^ 
at the time of maximum demand, for a very miiclf lowSr 
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figure will be indicaW as the average power factor. 
The maximum-demand indicator measures only the 
power factor at thb peijod of highest load, and therefore 
deals with the capital chafges part, which the sine meter 
does not. Either of these methods separately, there¬ 
fore, would not sufficiently disclose to us the relative 
cost of giving a supply to any particular consumer; 
we want both of them. Surely that is the only reason 
for stud 3 ring the subject. We make the supply as 
cheap as w 5 can and, as far .as tarifi is concerned, we 
try to be fair aa» between one consumer and another, 
and all metering is dictated by this desire. It is very 
difficult to explain to the non-technical customer what 
power factor really is, and why he should be charged 
more or charged less under different circumstances. 
It is undesirable to lay too great stress upon it unless 
the supply undertaking is so well convinced of the 
value of any improvement to them that it is prepared 
to give a rebate on the price. In doing that, they 
are trying to her as fair as possible to the consumer 
who is prepared to help them to cheapen the supply. 
The other'"point of view, which has been voiced by 
Mr. Woo*dhouse, is also in my opinion correct in the 
sense that, if a consumer has 'a really bad power factor, 
I think one is entitled to say to him: "You are abusing 
your privileges, and we shall simply not allow it at 
any price." In some such cases where I have had to 
act for the consumer and advise him as to the way 
in which he should satisfy the requirements of the 
supply undertaking, I have told him frankly: I cannot 
contend on your behalf that running with a very low 
power factor is fair to the supply undertaking or to 
the other consumers." He has been impressed by this 
e argument and b have had no difficulty at all in convert¬ 
ing, with the help of the manufacturers, large induction 
motors running at a very bad power factor into 5301 - 
chronous motors by the injection of direct current 
into the rotor. I think that is the best way of dealing 
with the problem, but I rather deprecate any very 
strong pressure being put on individual consumers, 
because we are only now gradually developing these syn¬ 
chronous motors to any large extent. In this connection 
perhaps it would be interesting if Prof. Miles Walker 
would consider a small point which is not quite clear 
to me at present. Take one of these motors having a 
synchronous stalling torque somewhere about full load. 
There is|t certain point, subject to the amount of excita¬ 
tion used and to the air-gap, where it is unstable. 
Electrical and mechanical engineers sometimes have 
to use a reciprocating machine where, under certain 
conditions, there is a very large, cyclic irregularity. 

• What jviUdiappen if we put two or three of these motors 
in parallel under conditions of considerable cyclic 
irregularity, where the load on each is constantly liable 
to be on the unstable part of the curve ? 

JMCr. W- E. M. Ayres : There is one matter whSch. I 
know the author intended to add to the paper, i.e. the 
possibility of improving the power factor by re-grouping 
the motors. There has been much discussion in the 
United States ''on power factor improvement, and in 
thepc discussions the re-gro^ing of motors ds always 
<given as "^the first method of fl>tackling the problem. 
Of coarse, that cannot always be done; there are 


certain circumstances in which individual drive is 
absolutely essential. Unfortunately, in many of •piese 
cases of individual drive there is bound to be a very 
low load factor, e.g. rubber works^ bleaching works, 
etc. At the same time, a very great improvement 
may be effected by thS re-giouping of motors. I think 
that is one of the reasons why the individual driving 
of looms in textile mills is not so popular as it once 
promised to be; the little motors employed must 
have an extremely high starting torque and even at 
full load a power factor of only 0 • 77 or 0 • 78, but running, 
as they normally do, at f full load, the'‘power factor 
is reduced to 0 - 6 . By driving the looms in groiips or 
rows, with underground high-speed shafting running 
in roller bearings ay.d ^with upward driving-r-which 
quite easy to arrange—^all the advantages of individual 
drive can be obtained, but the diversity factor wiU 
correct that difference in ^output required between 
normal load and working load, and the power factor 
will be greatly improved. There 4s little doubt that 
in the future very large extensions of industrial load 
will be ,employed, and the proper utilization of 3301 - 
chronous motors will ensure a reasonable power .factor 
under such conditions. At the same time, there,, will 
be trouble in an industrial district hke Birmingham 
where there are hundreds of small works using only 
one or two motors of 6 , 10 or 15 h.p., probably running 
at about half load; it is a problem for the supply 
undertaldng to know what to do under such^ponditions. 
One cannot insist on all these consumers putting static 
condensers on their motors. At the same time, the 
increased bulk supply will vety largely correct the 
power factor on the feeders, I have had a good deal 
of experience of the induction-t 3 ?pe synchronous motor, 
which seems to have given excellent results. The ex¬ 
perimental work in connection with them was^ done 
a long time ago; I believe Danielson’s patei^^^ dhte 
back to 1900. It is only during the past few^ years, 
however, that they have come intt) their •own. They 
are now being widely adopted, and, although they 
have been criticized, I believe they have never been 
actually condemned. Although it does not •refer to the 
motors made by the firm with which I am connected, 
the point has been raised as to whether a certain amount 
of trouble is not experienced with the exciter drives 
on these motors. "With the salient-pole type of syn¬ 
chronous motor the field winding is screened by the 
damping winding in the pole-shoes, but with the induc¬ 
tion-type S 3 nichronous motor the field winding is not 
screened. Any pole-swinging due to a change of load 
will cause circulating currents which, in the induction- 
t 3 rpe synchronous motor, must pass through the exciter, 
thus creating very large torques in the exciter. Those 
torques, in extreme cases, might amount to as much 
as 10 times the normal exciter torque. I believe that 
in some cases trouble has resulted because that point 
has been completely overlooked. 

ifiommunicaUd) : Much has been made of the small 
overload capacity^ of the induction-type ^ynchrojiious 
motor, and I am glad to see that the author elaborates 
my remarks in the discussion of Mr. Carr’s paper * 
«by his Figs. 2 and** 3. It is a rule, in \i»ell-dq^igfied 
• Journal 1922, vol. 60, p. 165. 
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motors of this t 3 ^e, to give 75 to 100 per cent overload 
capajjity, and, according to my experience, greater 
overloads are usually looked after by the circuit breaker. 
I do not consider 1#iat the synchronous mofor and the 
motor with phase advancer are really competitive 
alternatives. Each has its own’sphere of utility and 
its own limitations. It is not economical to correct 
power factpr much beyond unity with phase advancers, 
not only on account of the rotor heating, but chiefly 
on account of the disproportionate increase in size of 
the phase advancer itself. On the other hand, it is 
very economical to do quite a large amount of phase 
correction by means of a few over-excited S5mchronous 
motors working at, say, 0-80 leading power factor. 
Pbr. single large motors and -v^here leading kVA at 
light loads is not required, the phase advancer will 
score. Where the motor to be corrected is subjected 
to very heavy overloads, tfie phase advancer will also 
prove superior. On the other hahd, with a miscellaneous 
system it is cheaper and more economical to make 
one or two of the large motors of the synchronous 
type with leading power factor and constant excitation 
at all loads. The increased slip when phase advancers 
are used must not be forgotten if the motors are for 
driving fans or centrifugal pumps, as these maohines 
are very sensitive to speed variation. Also, the fact 
should be kept in mind that with induction motors 
the overload capacity is reduced in proportion to the 
square of t]je voltage, whereas with S3nichronous motors 
it is reduced in direct proportion only. This may be 
of considerable importance on some systems with 
. widely varying voltage.* There is no appreciable difler- 
ence in either efficiency or cost between the two methods 
of power factor correction, and the lower economic 
'limit in each case seems to be for units of 120 to 
150 h^. Attempts have been made to utilize electro¬ 
lytic capacity in the rotor circuit of induction motors 
as a phase advancer, but so far this is in an experi¬ 
mental stager and fol scattered systems of small motors 
there appears to be no alternative to the static condenser 
at the present time. 

ProfessoS- W. Cramp (communicated ): It seems 
to me very fitting that I should take this opportunity 
of communicating to the Institution the results of 
experiments suggested by the late Dr. Kapp, and arising 
out of his discussion on the paper * by Mr. Carr. Dr. 
Kapp, at the time of his remarks, declared that if he 
had been still at the University of Birmiaghanft, he 
would have made these experiments, so I at once 
undertook to get them done. They were carried out 
very satisfactorily by Mfessrs. Elliott and Francis, who 
were fourth-year students at the time and are Students 
of the Institution. In his calculation of the torque at 
which a S3mchronous induction motor will synchronize, 
Mr. Carr omitted the effect of putting the exciter re¬ 
actance into the rotor'tdrcuit. Dr. Kapp insisted that 
this would materijjSlly affect the induction motor torque, 
and the result proved that he was quite right. For 
this purpos^i a Siemens standard three-phase induction 
motor witli a slip-ring rotor was tested with various 
ad^tional ffeactances put in the ;fotor drcint. The 

♦ " Iiffluction-type Synchronous Motors,** Journal 1922, 
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ratio of the added reactances to the original rotor 
reactance varied in the tests from 0 to 8. But, as it- 
was estimated that the ordinary exciter armature 
would only make this ratio about 0*6, I shall 
quote the results corresponding as nearly as possible 
to that figure, namely, to 0-439. The comparison is 
then as follows: With no additional reactance and 
a stator current of 34 amperes, which corresponds 
approximately to full load for the machine, the torque 
was 64 pound-feet and th'e output 7-4 kW? With the 
reactan^je inserted, and practically the same stator 
current, the torque was reduced to 67 pound-feet and 
the output to 6-8 kW. This result will sensibly modify 
the figures given by Mr. Carr, and also Dr, Kapp's 
own circle diagrams ; and when the switching arrange¬ 
ments are such as to insert the exciter armature 
at the time of synchronizing, it will render of doubtful 
value the theoretical calculations put for^vard by the 
former. Complete curves were taken«over the whole 
range of output for the motor, but the** important result 
is that corresponding to full load for which ^le figures 
are given above. ^ ^ 

3Vlr. E. W- Dorey (communicated) : The static 
condenser for the improvement of power factor has 
been adversely criticized by Mr. Rogers on the score 
that its cost renders it an unsound commercial invest¬ 
ment. This statement must have been made without 
a knowledge of facts, as I have connected on behalf 
of the manufacturers with whom I am associated 
numerous installations of static condensers which give 
the consumer a return var 3 dng from 60 to 80 per cent 
and more per annum on capital outlay, and surely 
this is a sufficiently sound investment. The static 
condenser can be connected to a circuit and for all 
practical purposes forgotten, as it needs no attention, 
has a high efficiency—^not lese than 99-5 per cent—' 
has proved itself to be a thoroughly sound investment 
for the correction of power factor of both indiyidual 
motors and motors in bifik, and merits the closest 
consideration on the part of all engineers interested 
in the improvement of power factor, A static condenser 
connected direct across the stator terminals of an 
ordinary induction motor, of either the slip-ling or 
squirrel-cage type, and switched on or off with the 
motor, provides a very straightforward and satisfactory 
means of improving the power factor of an individual 
motor. According to Dr. Kapp, the synchronous 
induction motor costs about 20 per cent more than 
the induction motor of the slip-ring type, and this 
difference in cost, together with the better efficiency 
of the induction motor, will in. the majority of cases 
be almost sufficient to pay for the static eond^ser. 
An induction motor combined with static acondenser 
would give all the advantages of the induction machine 
and none of the disadvantages of the synchronous 
induc^on motor, as with the latter the S 3 mch^ono■l 3 ^ 
stalling torque is a serious drawback and it is impossible 
to short-circuit the slip-»rings. There is also the mainten¬ 
ance and attendance on the exciter to J)e considered, 
and, generally, the synjchronous induction motor is a 
toore complicated machine.^ Dealing with the^ ques-^n 
of tariffs, it is now becoming generally recognized’ 
that a penalty for low power factor is a necessity S 
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the supply undertakings are to have any hold on the 
'Consumer. I know of large supply undertakings operating 
to-day with a power'“factor of 60 to 70 per cent and 
they are quite helpless in the matter, as their standard 
rates do not penalize the consumer for low power factor. 

If the consumer is penalized for low power factor, 
the problem resolves itself into a pecuniary one, and 
the manufacturers of synchronous plant, condensers, 
etc., may be safely relied upon to solve all the low 
power-factor problems to thb advantage both of con¬ 
sumers and the supply undertaking. Rules and regula¬ 
tions enforcing a limit of^ower factor cannot be expected 
to provide a satisfactory solution, as the consumer 
must be induced and not driven to improve the power 
factor. The two-part tariff, a fixed charge per kVA 
per quarter or per annum, with a running charge per 
unit, has proved to be a sound tariff on several large 
supply undertakings known to me personally, but 
the development of this form of tariff is being retarded 
owing to the difficulty in getting a really sound nxeter- 
ing equipment which is not too expensive. For small 
loads a popular combination is a Reason electrolytic 
demand indicator and a unit meter, and for larger 
loads the Hill-Shotter metea? referred to by the author 
gives reasonably satisfactory results, but what is badly 
needed is a meter which will accurately record the 
kVA average demand over a time period and over 
a reasonable range of power factor. I understand that 
one meter maker at least is busily engaged on the 
solution of this problem, and there is certainly ample 
scope for development in this direction. I am not in 
favom* of a combination of cosine meter and sine meter, 
as with this metering equipment the supply undertaking 
plays into theliands of the consumer, who might have 
a static condenser installed, and by connecting it in 
circuit during no-load hours would reverse the sine 
meter and so give an entirely fictitious average power 
factor, which might in fact give a result showing a 
leading power factor when, actually the power factor 
at time of maximum load was lagging to the extent of 
60 per cent or even worse. It appears to me that the 
chief concern of the supply undertaking should be to 
ascertain the power factor at time of peak load, i.e. the 
maximum demand in kVA, and this brings one back 
to the two-part charge referred to above. As far as 
electricity supply undertakings are concerned, no rapid 
development in the emplo^ent of apparatus for the 
improvement of power factor is likely to take place 
until a penalty for low power factor becomes general, 
and then some real progress will be made. The applica¬ 
tion of a two-part tariff of kVA demand and running 
charge h5s gone far beyond the experimental stage, 
and has been proved by many supply undertakings 
to be a thoroughly sound commercial tariff and one 
which tenTis to reduce the average price per uni'^sold 
t9 a minimum by the more efficient utilization of capital 
expenditure on all plant rated in kVA, such as alterna¬ 
tors, cables, transformers, etcf., and a decrease in 
generation. an<i transmission losses. 

Mr. S. E. Fedden ^communicated) : The subject of 
pcv^r faptor and its correction becomes increasingly'* 
important to both supplier and consumer, and any 
suggestion which will fairly distribute the burden of 


rectification as between the interested parties must 
receive the utmost consideration. The causes, effects 
and rectification of low power factors are exhaustively 
dealt with in the earlier portion of #^the paper, and our 
thanks ‘are due to the ^uthor for so lucid an explanation 
of the methods which may be adopted either to 
neutralize entirely or, at any rate, minimize the effects 
of the inherent difficulties. Obviously the particular 
method of rectification will depend on the individual 
circumstances connected with each installation, and 
all appear to have advantages in cert^n particular 
instances. I am particularly interested m the section 
dealing with meters and tariffs. I am not impressed 
by the Amo- method, a| it is not a true indicator of an^ 
factor connected vfith the supply. The introduotioh 
of the Merz principle in the measurement of kVA by 
the Hill-Shotter demand indicator is a step forward, 
but this instrument relies» upon a constant voltage 
for its accuracy. However, I think it is to be preferred 
to a thermal indicator, to wliich w6 have hitherto been 
restricted when requiring to measure kVA. The ex¬ 
amples of the various tariffs in force are extremely 
interesting, but I should like to make a slight correction 
in the tariff quoted as in operation at Sheffield.* At 
the time the details were gathered, the increase was 
100 per cent on the ordinary flat rate, but such increase 
did not necessarily. apply to the maximum-demand 
rate, the basis of which is £4 per annum per kVA of 
maximum demand, plus Jd. per unit, subject to a coal 
clause. The confusion is caused by the fact that at 
one period during tlie war ^the maximum-demand 
consumer was given the option *of being charged either 
according to the coal clause or in accordance with the 
authorized general percentage increase on tlie price 
list, Wliile the price of coal was exceptionally high 
during the coal strike, the former option was exercised, 
but when prices for coal fell, the usual rate was festored. 
Perhaps the most interesting tariff ^quoted in the paper 
is that of the Clyde Valley Compsmy, which embodies 
many novel features. Tlie reasons underlying the 
differential charge per kVA for varying demands is 
not apparent, but the adoption of a standard power 
factor, with rebates or penalties for any variation, appeals 
to me as being a fair arrangement between consumer 
and undertaker. I also agree with the limitation of the 
rebate to power factors up to unity, as of course it is 
possible for a leading power factor to be as objectionable 
as a lagging power factor. In the paper it is suggested 
that four* wattmeters are used to record the various 
measurements, but it appears to me that two instru¬ 
ments only are required, viz. a three-phase cosine 
meter with maximum-demand attachment and a sine 
meter to determine the wattless component. Personally, 
for my own undertaking, with comparatively short 
transmission lines, I cannot see my way to allow the 
penalties incurred during the ordinary working hours 
(when power factor rectification is m^t advantageous) 
to be cancelled during off hours by leaving condensers 
continuously in circuit. The objection would^articularly 
apply to week-ends, when the leading component 
could not be economically or usefuUy applied, pie 
author goes on to show how this method^of charging 
might result in penalising the undertaking. In Sheffield 
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the system adopted is to measure the maximum kVA 
on a -thermal indicator, and the power by the ordinary 
cosine meter/ We recognize the possible error due to 
excessive voltage-d]j;op, and have under cofisideration 
the substitution of the method described by the-author 
in the last paragraphs of the paper. From the com¬ 
mercial point of view, the rectification of power factor 
by the consumer will repay the capital expenditure in 
about 2 years when the demand charge is £4 per kVA 
and the cost of static condensers is in the neighbourhood 
of £6 to £6 per kVA. 

Mr. E. Wr Hill {communicated) : A slight error 
appears in the reference to the Hill-Shotter maxi¬ 
mum-demand kVA indicator in the section of the 
p^per headed " Meters and Tari&s,^ where it is stated 
that the "indication is correct for any frequency." 
In point of fact, although moderate variations of 
frequency Irom the declare^ value, such as might be 
expected in practice in a supplj^ system, do not affect 
the accuracy of thisnnstriiment, which is self-compen¬ 
sating for such variations, yet the instrument would 
require separate calibrations for two frequeneies differing 
widely, e.g. 25 and 60 periods. It is probable that the 
sentence was intended to read " and since the working 
agent is merely current, the indication is correct for 
any power factor/* which is a correct statement of 
fact. A very interesting description follows of Messrs. 
Chamberlain and Hookham's arrangement of energy 
factor indicators. The arrangement as described, 
however, invites criticism on one or two points. First, 
as regards the operation of the instruments arranged 
to indicate the maximum energy factor, when tliis 
factor (I prefer to adopt the more usual term " power 
factor ") has a value in the neighbourhood of unity, 
'^he sine meter (wliich has then the contact-making 
device'for operating the non-return pointer on the 
cosine nSfeter) will register very slowly, and indeed 
should not register at all at unity power factor. In 
this instance Ihe consequence will be that the contact¬ 
making device vdll not operate, and the cosine meter*s 
pointer will be pushed on and on without ever being 
released, no Melinite indication will be given, and the 
non-return pointer mechanism will probably jam the 
cosine meter's wheelwork. It is evident that the gradua¬ 
tions on the non-return pointer scale must become 
very open towards the upper end, and the important 
point on the scale, i.e. that for unity power factor, 
will be missing. In the minimum power factor arra^ige- 
ment, since the cosine meter with the contact-making 
device will not register at zero power factor, the power 
factor scale will have similar characteristics, and will 
be incomplete at the zero power factor end. A difficulty 
may also arise in dealing with loads occasionally having 
leading power factors. A sine meter will reverse when 
the power factor leads, and a non-return pointer device 
may be very difficult T:o arrange on a meter which 
reverses, if one st^Sl expects to get the pointer to give 
an indication. I consider also that the suggested 
marking of the non-return pointer scale in kVA-hours 
(as an alternative to cos f>) would be very misleading. 
The^term kVA-hours should plainly be reserved ex¬ 
clusively for the time integral of kVA. Here, however, 
the meaning of the indication on the scale can only 


be that so many kVA-hours have passed during the 
time that, say, 10 energy units have passed ; and such 
an indication, while suggesting true integration or 
registration of kVA-hours, really indicates nothing of 
the sort. At the present time there is a prevalent 
misapprehension as to the information given by a sine 
meter's registrations; there is, as a matter of fact, 
a grave fallacy underlying the employment of a sine 
meter. In this paper and in other publications it is 
implied or stated without any qualification ?hat a sine 
meter u^ed in conjunction with a cosine meter enables 
the true kVA-hours passed during a given period of 
time to be calculated. Now this is demonstrably 
untrue (except in the one exceptional and particular 
case where the power factor has remained absolutely 
invariable during the whole time under consideration, 
in which case, it may be remarked, a sine meter would 
hardly be necessary at all), and it is extraordinary 
that such an erroneous idea could be so persistent. 
Since so-called " average power factors**" are calculated 
from sine and cosine meter combinations, and since 
in the aggregate large sums of lAoney are paid by con¬ 
sumers on the basis of such calculations, it is well 
that it should be clearly knbwn what a sine meter does, 
and does not do. Taking the author's symbols A and B 
to represent respectively the registrations in a given - 
time of a cosine and a sine meter, it is erroneously 
assumed that the kVA-hours passed during that time 
are 

^2) 

Consider, however, three consecutive periods of time 
during which the power factor has assumed three 
successive different values, although it <has remained 
constant during each one of tlie three periods. Suppose 
that the cosine meter's registrations for each of the 
three periods are Ai, A^ and A^, and that the sine 
meter's registrations are B 2 and B^, We can then 
accurately state that the true kVA-hours for each 
period are respectively '\/(Af + ^/{A'i -f B 2 ), 

•\/(Az 4- 53 ) and that the true total kVA-hours for 
the whole period are 

V(4f + J5f) + ^/(Al + + -s/iAl + 4) • (1) 

Now according to the fallacious assumption referred 
to above, taking the total registration on the cosine 
meter to be {Ai+ A^ + A^) and on the sine^ meter 
to be {Bi + B 2 -\- -Bs)* the total kVA-hours would be 
calculated as 

V{(4i +A 2 + ^ 3 )® + {^1 + -Bg + B3)2j . (2) 

It is quite plain, however, that expressions (1) and 
(2) are not, in general, equal; and it can be proved 
that (2) is always less than (1) (except in the particular 
case ip^en AJBi « A 2 /JB 2 “ Afewaritiimetical 

examples would make the matter quite obvious. In 
other words, the calculations from a sine and cosine 
meter combination used over a period d^riitg which 
the power factor has varied, alyrays give a quantity 
■?vhich is less than the trt|^ kVA-hours. The defesi^ 
ft from the* true value is the greater the more the power 
factor has varied, and may be very considerable,*^ e.g.** 
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as mach. as 30 per cent in some extreme cases. It would 
.seem that this fact is of great importance and should 
be properly recoj^zQd so that engineers may not be 
misled by the suggested fise of the formula 
and may not use the sine meter without fully appreciating 
the limitations of its usefulness. 

Mr, H. D. Wilkinson (communicated) : The paper 
contains a comprehensive survey of power-factor-cor¬ 
recting machines and appliances, and gives a useful 
review anG criticism of existing tariff rates. But 
perhaps the bessfc part is in the investigation into the 
most economic plant vfjhich should be used for power 
factor improvement, in other words, as to what expendi¬ 
ture in corrective devices is justified on a self-contained 
power plant so that the total capital cost is a mini mum. 
The author shows that the power factor at which it 
is financially economical to operate the system is a 
function of the ratio of cost per kVA and per kW of 
the correcting ^nd generating plants respectively, by 
the,formula cos <56 = V(I — This puts into mathe¬ 
matical f^irm the truism that the more costly the correc¬ 
tive devicb the less the power factor of the system can 
be economically improved. In other words, tbe greater 
the amount paid for power factor improvement per 
kVA injected, the less the power factor can be improved 
.with a maximum saving in total cost. This shows, 
therefore, what an important part would be played in 
the raising of power factors, on distribution systems by 
the cheapening of corrective devices, and how much 


more could be done economically with low-priced phase 
advancers. On the question of tariff it is undoubtedly 
correct, as pointed out in the paper, to give a financial 
inducement to the consumer to maintain a high power 
factor, .but I am not convinced that the power factor 
on the consumer's petfk load should alone be considered 
in the framing of tariffs. If his peak load coincides 
with the peak load on the supply undertaking's gener¬ 
ators and transmission lines, that is no doubt the period 
most difficult to cope with, but it is almost certain 
that the consumer's power factor is higher during the 
peak-load period than at other working*hours, ^d it 
would appear to be. more equitable to the consumer 
and more advantageous to the supply undertaking to 
base the tariff on tlg^e sf^erage power factor. This couJd 
easily be observed by taking the percentage ratio of 
the readings of two single-phase cosine meters connected 
in two phases, while the arithmetical sum bf the pair 
gives the total units oonsuSaied. The author has done 
well to point out J:he economically unsound tariff of 
price per unit based solely on power factor. In con¬ 
clusion, I should be glad if Prof. Miles Walker in his 
reply would give us a little further information on the 
low-frequency a.c. excitation of synchronous inductign’ 
motors, which he gave the impression of being so much 
more efficient than d.c. excitation. 

[Prof. Miles Walker's reply to the discussion will be 
found on page 134.] 


North-Eastern Centre, at Newcastle, 13 November, 1022 . 


Mr. J. M. iHeslop : It is almost a platitude to say 
that the power factor problem has become of supreme 
importance to the electricity supply industry, for it 
is a characteristic of alternating-current distribu¬ 
tion, whose field of influence is already wide and its 
significance rapidly increasing. The transformer and 
the induction motor—^two appliances whose invention 
has facilitated the expansion of electricity supply and 
distribution to an extent which can probably scarcely 
be over-estimated—each possesses a characteristic, 
i.e. the need of magnetizing current, which in its present- 
day dimensions is becoming a source of embarrassment. 
The problem of supplying this magnetizing current has 
become of such importance that in a multiple-station 
undertaking it is sometimes worth while to relieve all 
but one of the stations from wattless power and transfer 
the whole of it to the remaining station. One American 
undertaking, for example, generates the whole of the 
wattless -power of the system (30 000 kVA) by steam 
during th/e summer, in order that a distant hydro-electric 
station may operate at unity power factor and utilize 
to the full the ample flow of water then available. 
While certain portions of the transmission and distribu¬ 
tion system contribute their quota to the total 
magnetizing current required, I^think it may safdy be 
considered that the widespread use of the induction 
motor is the principal source of pie trouble. The author 
ligjitiy lays emphasis *on the view that th^ consume]!!* 
c^not be absolved from coShplicity in the trogible, and , 
on this point I would reiterate my remarks in the .1 


discussion on Mr. Carr's paper, namely, that the man who 
takes excessive wattless current to suit liis own 
convenience should pay for the privilege of so**doing. 
This paper contains an excellent summary of th§ possible 
methods of making him do this. The magnitude of 
the problem can be visualized when one eonsiders that 
under present conditions of working in this country 
there is annually incurred, at a very modest estimate, 
an excess expenditure on coal alone of well qjsrer £500 000 
beyond that which is necessary, and in addition to this 
there must be an unproductive capital expenditure 
of not less than 20 million pounds—expenditure which 
could have been applied to new connections or in other 
revenue-producing directions had it not been for the 
pow^r factor bogey. The author says on page ’ 92: 
“ It is, therefore, to the supply company's interest that 
the consumer should have a good power factor not only 
at peak load, but also at lower loads." I should prefer 
to re-write this statement somewhat as follows: "It 
is the duty of the consumer to have a good power factor 
not only at peak load, but also at lower loads, for in the 
absence of a power factor clause in the tariff the man with 
a good power factor on his installation is bearing part 
of the standing charges which oughlj^to be met by his 
neighbour." The remedy for the evil of bad power 
factor is two-fold; the first stage is preventive and 
consists of missionary work amongst consumers; the 
second stage is punitive and involves the imposition 
of stiff penalties*' for bad power faqfor, with a 
corresponding bonus for improvement. The corrective 
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methods which may be employed are numerous, as 
can be seen from the paper, and it is not feasible to 
say dogmatically that any one is the best. Each has 
its proper sphere, Imt of the importance of the problem 
and the value of the paper there is no room for two 
opinions. The subject of power factor correction is 
receiving a great deal of attention at present, but not 
more than it ought to have nor more than it will have as 
time goes on, for it is one of the foremost problems facing 
electricity supply undertakings to-day. Power factor 
is, in fact, becoming for the electricity supply industry 
somewhat of a Frankenstein, and it has occurred to 
me that the whole power factor question is really a 
wonderful advertisement for the high-tension d.c. 
system. 

Mr. T. Garter : The practical development of our 
art and of ^our industry has been bound up to an extra¬ 
ordinary extent with the work of Dr. Kapp. In 1885 
and again in 1886 he read pa{)ers on dynamo design 
that threw a flood ol light on much^that was then dark, 
and now he has left behind him one that will certainly 
be of enormous assistance to us all in the consideration 
of a very tangled and dif&cul’t problem. It is, I think, 
jSarticularly useful in the section on synchronous 
induction motors, because of the details of designs 
collected there, and because of the clear way in which 
it shows that this type of machine to have a respectable 
overload capacity must work at a leading power factor, 
or, if that-is undesirable, an abnormally large machine, 
correspondingly expensive, must be chosen. ’Written 
by an independent expert, the paper is free from bias ; 
all manufacturers and "‘suppliers are apt to have their 
own fancies about what is best, but here we have a general 
impartial survey of the whole problem. Although a 
simple rule is given for the amount by which it is useful 
to^improve ^ower factor in a new and straightforward 
case, if'is carefully pointed out that these simple cases 
seldom occur, and the most diverse considerations have 
to be taken’’into account in settling the best course to 
pursue. The counsel given is to apply power factor 
improvement with discretion and not to imagine that 
the more fSie power factor can be increased the better. 
The limits of the several possible devices are clearly 
shown. "When correction has to be applied to an existing 
installation, no nice balancing of relative costs is usually 
possible, and only a rough approximation can be made 
to .the most economical amount of improvement. The 
injected kVA are represented by (tan — tan and 
the improvement in power factor is represented by 
(cos ^ — cos (jJo), aiid since d tan <j)ld cos ^ is a mini¬ 
mum when cos (f> is y'l or 0'8I65, correction is most 
cheaply obtained at that value. But the curve of relative 
rates of change of tan (f> and cos <f>is approximately hori¬ 
zontal between cos ^ = 0*60 and = 0‘96, both 

lagging, and practically exactly so between cos^ 0* 70 
and cos ^ *= 0*90, ^nd the correction required for 
a given amouni? of improvement is reasonably con¬ 
stant within this range of values. Outside this 
range, in^uding, therefore, a change from lagging to 
leading power factor, the kVA required for a given 
correction Ijecome excessive. It 4s so difficult to get 
exact" datsC* that usually neither consumers and them 
advisers on the one hand, nor rn^mufacturers and sup¬ 


pliers on the other, are in a position to furnish informa¬ 
tion to serve as the basis of a just bargain. All purely, 
commercial bargaining is bad botji when it is based on 
guesswork and when it is nc?k; suppliers throughout 
the whole country should make up their minds to a 
principle, and adhere to it. One supplier comes to a 
consumer and says that the power factor of his motors 
must not be less than 0-90. When he is asked whether 
he means at full-rated load, or at full ordinary duty, 
or under any conditions of load whatever? he begins 
to feel ^doubtful. Another says that, new apparatus 
should work at unity power factpr, and that it would be 
even better if a slight leading power factor were used. 
That is true, but better for whom ? And how is the 
ordinary consumer, even the large and well-advised 
consumer, to know when the terms offered are fair 
both to liim and to the supplier ? I know of cases where 
important consumers have complained that the price 
adjustment for variations in the price of coal is unjust 
to them, and they have supported their plea by quoting 
figures. They may be quite wrong, but an independent 
investigation of the effect of all sorts of varying factors 
on the cost of production would restore confidehce, and 
would react to the benefit of the suppliers. There is 
an infinite variety of applications of electrical driving. 
Some of them require a large number of small motors^ 
while others can use a few large motors, and there is 
much to be said for the principle that a consumer should 
not be penalized because he is a small-motor man, whose 
installation will tend to work at a lower power factor 
than that of the large-motor man. The vital question 
is whether each is doing his electiical driving in the 
best possible way. If any consumer so arranges his 
drives that his power factor is needles«jly low for his « 
type of installation, he ought certainly to pay for that 
bad design; but so long as he does the best possible 
for his own job, the suppliers ought to be satisfied with¬ 
out requiring him to pay more per unit because of things 
over which he has no control. After all, power factor 
difficulties arise because suppliers use alternating current 
for their own convenience, and not for their consumers'. 
The paper suggests that it is detrimental both to the 
supplier and to the consumer if the power factor is low : 

I suggest rather that the bulk of the burden is on the 
supplier, but it is not of his own choosing, and he ought 
not to grumble at the characteristics of consuming 
apparatus that must be used merely because he offers 
an alternating-current and not a direct-current supply* 

I think that suppliers should not expect to be recom¬ 
pensed by each consume?: in exact proportion to the 
badness of his power factor for their greater expenditure 
on plant; they have a monopoly of the right*to supply, 
and they are, therefore, public servants, bound,to eSnsider 
each consumer from his point of view as well as from their 
own. By being essentially fair to each member of the 
community they will be fair to the whole. That is one 
reason why the maximum-demand system of charging 
is, as the author points out, so much better than the 
others; and even that system should b^ carefully 
applied when the fixe^d pa 3 niient is rft5t purely on a 
k’Wh basis, but on a kVA-hour basis or on one 
mediate between the two.^ I should be incline to fix^ai^ 
the ideal, not unity power factor in every case, bnt some 
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figure suitable to the type of installation, perhaps as 
,liigh as 0- 95 in the best cases and as low as 0* 76 in the 
very worst, depending; on the average size of motor that 
ought to be employed f6r the work and its usual best 
commercial power factor. I would then determine the 
maximum demand figure from the maximum kW demand 
by multiplying it not by l/(energy factor) but by (ideal 
power factor)/(energy factor), so that if a consumer using 
small motors were enterprising enough to put in a type 
with unity«power factor he would benefit comparatively 
more, as he jus-yy should, than the customer who has 
larger motors, since their power factor is already nearer 
to unity. For example, taking the S 3 nnbols at the end 
of the paper, assume two consumers, A and B, each with 
a maximum kW demand of 1 000, but let A have an 
ideal power factor of 0*90, while B*s figure is only 
0‘80. Then Pq = I 000; and let m = £6 per annum, 
U = 2 000 000, and d = 0‘48d. Suppose each con¬ 
sumer's average^power factor is only 80 per cent of his 
ide^ power fact^, namely, 0-72 and 0*64, respectively, 
then A will pay £11 000 per annum and B £11 800, 
a difference of about 7 per cent, under the ordinary 
maximum-demand sys'tem; whereas if each of them 
improved his power factor«to unity he would pay 
£9 000, although it is much more difficult for B than for 
A to reach unity power factor. But if tlie ideal power 
factor were used for the purpose of discrimination, and 
both consumers were still to work at 80 per cent of the 
ideal figure, each would pay the same amount, namely, 
£10 250 on the basis of the assumed rates, and if each 
of them then improved his power factor to unity, A 
would pay £8 500, while B would pay only £8 000, 
which would recompense B for his greater enterprise. 
It should be uiftderstood that the figures used are merely 
assumed, and probably the rates under the discriminative 
S 5 rstem would need to be higher than under the present 
maximum-demand system so as to maintain the requisite 
total revenue ; but the comparison between A and 
B at each stage is correct in kind, and I suggest that 
some such scheme as I have proposed would permit 
the conclusion of agreements between suppliers and 
consumers on a correct, logical, and mutually equitable 
basis. The essential problem is : A certain total sum 
must be received from the whole body of consumers 
in order that the supplier may have an adequate revenue : 
how is the demand for that total sum to be apportioned 
amongst the consumers so that each may pay his fair 
share ? ^It is this question of the determination of the 
just incidence of the charge on individuals that I think 
nnght be solved by the adoption of what I have called a 
discriminative system, which is a simple modification 
of the ordinary maximum-demand system. The author 
uses the t^rm "energy factor" in a particular sense, 
and I think that the latter part of the paper would be 
more cleanly followed if special attention were drawn 
to it where it is first used in the paper, perha^ft by 
a'footnotc defining it more specifically. It would, in 
fact, be an advantage if it could ,have a special symbol 
instead o{ the common cos One of the few slight 
weaknesses in''the paper is in ijs symbols : P is used 
different meanings^in different places, and so is ^ 
jK^termsf " cosine meter " ihd/' sine meter " are also 
used ip a particular sense in the paper, and without 


definition their meaning may not at fiist be obvious; 
here again I should like to suggest that ProfessorrMiles 
Walker might, with advantage, add some explanation. 

Mr. A.rB, MacLean : The author states on page 93 
that *• we may consider the installation of rotary 
condensers by consumers to be financially unsound." 
I am inclined to think that this statement requires 
some inodification, as it appears to me that with the 
tariffs now offered by some supply companies, in which 
the power factor of the consumer's installation is taken 
into account, the installation of a rotary condenser 
should effect a considerable reduction** in the total 
charges for current. If we take the example worked out 
by the author, apply one of the tariffs mentioned by 
him as a pre-war tariSf, and alter tliis to present-day 
conditions, 1 think it can be shown that the installation 
of the 600-kVA condenser will show a good^profit. In 
the example the maximum,.demand has been taken as 
1 000 kW at a power factor of 0*75. The total kVA 
demand is, therefore, 1 333. AftSr the condenser is 
installed the peak load would be 1 036 kW and the total 
k’VA 1 075. The power factor of the installation is, 
therefore, raised from 0-76 to 0-965, If we take the 
tariff given on page 106, viz. £1 per quarter per kVA 
of maximum demand plus 0-26d. per unit, and bring 
this up to what would probably be a corresponding 
present-day tariff, we should have to allow an increase 
in the demand charge to cover extensions to the 
company's system at prices much greater than pre-war 
figures, and the unit charge of 0*26d., which is largely 
governed by the cost of coal, would probably have to 
be increased by more than 1(30 per cent. I suggest 
that the corresponding present-day tariff would be 
^-PP^oximately 26s. per quarter per kVA of maximum 
demand plus a flat rate of 0* 66d. per unit. Taking the 
author's figures of consumption, the cost^of current to 
the consumer before and after the rotary condenser is 
installed would be as follows :— 


Before installation of condenser. 

1 333 kVA, at £6 .. 

2 300 000 units at 0*66d. 


After installation of condenser. 

1 076 kVA, at £6 .. 

2 383 000 units at 0-66d. 


£6 666 
% 270 


£11 935 


£5 376 
5 460 


£10 835 


We therefore conclude that the consumer by installing 
the rotary condenser reduces his total bill for current 
by £1 100. This is a reduction of 9*2 per cent in the 
total cost of current. The author takes a figure of £3 
per kVA as the cost of the rotary condenser, but I 
believe that at present-day prices •this should be consider¬ 
ably less, and that the cost of the 6^-kVA condenser 
should not be more than £1 200. A maoliine of this 
kind should need very little attention, and <;Jtie average 
consumer installing it wovild probably not ^require to 
employ any adition^l labour, but could m^e arranjge- 
ments to have the machine looked after by<the existing 
staff. The cost of attendance on this machine would 
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robably per week. The total costs 

? ^Qived in the use of the rotary condenser would there- 
fore l5e covered by tlic followingI 

Labour at I0.«f. per week ., .. £26 

Interest, dci^reciation and jiiain- 
tenance at 15 per cent.. .. £180 

£200 

Tf we subtract this figure from the total saving in the 
cost of current, we arrive at a net profit to the consumer 
of £804. Referring to the different types of synchronous 
induction motors described, I presume that the rotor of 
the machine indicated in Fig. 4:d has a two-phase winding, 
that the two phases arc exactly »imjlar, and that each 
covei^ one-half of the pole-pitch. If this assumption is 
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conect, then each phase carries the^same current, and 
the distribution of magnetic flux produced by the rotor 
current alone would have a wave-shape with a sharp 
peak. If the voltage of supply to the motor varies 
approximately as a simple sine function, an additional 
flux of third-harmonic frequency would have to be 
produced by a current in the stator, i.e. the motor 
draws a magnetizing current from the line of third- 
harmonic frequency. This, of course, may be of very 
small magnitude, but I should be pleased, to have 
Professor Miles Walker's , comments ^ regarding tho 
possibility of such a current being produced by this 
machine. 

[Prof. Miles Walker’s reply to the discussion will be 
found on page 134.] 


North Midland Centre, at Leeds, 21 November, 1922 . 


Mr H. 15. Yerbury ; The technical and mathematical 
mrt nf tlu! paper admirably covers tlie field, and I 
slnll Ihuroforc. coniine my remarks to the commeraal 
asocct As supply engineers, we know that a low 
nower'facb.r is si condition which confronts ns—and 
not a Ihtsiiy. 1 suliniit tliat it is rmreasonable to suggest 
dl aay o.nsnmer should take steps to improve lus 
pi factor unless a substantial rebate is given by the 
supplier. JCvery individual installatioii \ 

•stidied heftS-e a decision is made as to whether it is 
S il ic and economical to install a device w^ch 
S the charaeteristiOB of the xnotors or to de^ 
witii the prol.lem of low power factor with 
dcusera on the cables supplying such 
.rlvirm-teristics of the motor are altered, then the t^ai 

into. Inl.. Jr S M m witk 

the (lueslinn of taiins. a, xw R j Sheffield 

the fairest all-round ef kVA of m^od- 

we charge P“_Sirunit plus a sliding scale 

mum demand mddenW. a coal clause 

based on coal at uw. a ton. deemed neither 

cUsregarding ^„k we can pass over the 

Micntllic nor ciniinblo. hardly applicable to 

Amo sysi™ of dmwje. “ f SoP*"* >'1' 

Britisli practice. I think tna - ^„a.nv is the best 
the Clyde Valley Electiic debatable 

submitted, altliough to - 250 kW should be 

point as to whether ^liSuin-demand rate 

diargcd a 20 per It is concmvable tha.t 

than a consumer of 1“/y- -mming. at a very high 
the smalkfr installiji^ian eoul . ^gtaJlation, in which 

load factor compared wth | benefit to a supply 

case the formV may be of 'Ss been done to 

department.*^ A very g^ea commissioners in the 

the industry .by ^lectria^ 1899 ^ 

1922 Act. U«^der the Ele^c la^t^Jg^^^^kVAor 
consumer could elect to be 6 


kW basis. Happily, that clause is now repealed and 
a supply authority can decide to charge any .consumer 
either on a kW or on a kVA basis. For the sake 
of economy and efficiency L think that steps should be 
taken to enforce the system of charging on a k\ A 
basis as soon as possible, ever remembering the word 
•' expediency *’ and aU that that impUes, and that a satis¬ 
fied consumer is the best advertisement for electricity. 

At the present time I find that it pays a consumer with 
a load factor of less than 30 per cent to be charged on 
a kWh basis, and only where his load factor 
Ibout 33i per cent does it pay him to be charged on 
a kVA basis. Personally, I think that the best sys em 
for the supplier is to declare the minigium avera^^ 
power factor, say 0-8. Then the 
maximum or average demand above «>r l«lovv that 
. declared power factor should be varied, and “ 
a flat rate per kWh should be charged. To give a 
So^^m^the advantage of night-time phase-advancing 
• 1 ,+ Ko afivantaeeous to a power company with long 

SSmission lto« o.<i only PO"'“ '£SSlv 

insteument ^ keen engaged in 

Dr, T. F. Wau pbase-advaaemg of 

studying a new d electrical energy is 

induction motors, m ^ of chemical 

stored during one pKt of . Y . jg released 

energy and during &e .pke principle is thus' 

the same asthat of -^,j^condenser of veD' large 
being, m ^ grids, say A and B are 


being, in ^e^t, ® -(ig^ say A and B, are 
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the paste of one ^d, say A, becomes oxidized to the 
higher oxide and the paste on the other grid becomes 
reduced to the lower oxide. In other words, the 
arrangement corresponds to an accumulator on charge, 
the grid A being the positive plate. During the next 



half-cycle the action is reversed, and the cell becomes 
discharged and re-chaxged in the opposite direction. 
It is found that the action is greatly assisted and 
improved if the cell works at a relatively high tempera¬ 
ture, say about 80® C. When the temperature is so 



increased the gassing becomes negligibly small and the 
inherent power factor becomes very low, that is to say, 
the losses are low and the phase advance of the current 
on the potential difference is large. In Fig. B tliis 
effect is clearly shown. The readings were taken by 



connecting a ceU to a low-frequeii,cy supply and immersing 
the cell^in a bath the temperature of which could be 
regulated. It is dear that a v^ry considerable improve-, 
^nt of the action of the cell takes place pp to about 
TO® C. and subsequently th5in^)rovement is less marked* 
mtlv increase of temperature. In Fig. C the corre¬ 


sponding values of reactance voltage are plotted as a 
function of the temperature. The effect of increasing 
the temperature appears to be two-fold, viz. The 
specific resistance of the electrolyte is reduced; and 
(ii) thj5 chemical activity of the*" components of the 
cell is stimulated. With regard to the second effect, it 
is of interest to note that the action of a certain type of 
lightning arrester is based on tlie fact that the chemical 
stability of lead oxides is very easily upset by relatively 
small temperature-rises. Dry lead peroxide (PbOg) 
has a spedfic resistance of about 1 ohm per inch cube, 
the resistance varying with the pressure^with which the 
powder is compressed. At a temperature of about 160® C. 
lead peroxide is reduced to red lead (Pb 304 ), which has 
a spedfic resistance dff about 24 x 10^ ohms per iivch 
cube. At slightly higher temperatures red le^d is 
reduced to litharge (PbO), wliich is practically an 
insulator.* In 'Fig. D the results of some tests on a 
4 b.h.p. induction mq^or are given. These tests were 
made by two post;graduate students, Messrs. G. Allsop, 
M.Eng., and C. E, Robinson, M.Eng. The data were 
obtained with one cell in series per rotor phase, and 
clearly show the beneficial effects to be obtained by 



this type of phase advancer. The tests also showed^*- 
(see Fig. E) that the efficiency of the motor was greater 
when the phase advancer was in drcuit than^wheif the 
machine was running under the normal conditions of 
short-drcuited rotor. 

Mr. J, W, J. Townley: The paper is very interesting 
to all engineers concerned in the generation or distribu¬ 
tion of alternating current, but what imp:i^sses one on 
reading it is the fact that so much has been done 
in the design and development of phase advancers and 
that so little use has been made of them in practice. 
The whole trend of the paper has been in the direction 
of encouraging the consumer to improve liis power 
factpr, but I think the improvement of the power 
factor of the system shoxild be kept in the hands, of the 
supply authority, who can put down phase-advancing 
plant in those areas where the mains are fully loaded, and 
when mains extensions are carried out can transfer the 
phase-advancing plant to another part of the system. It 
is usually the case that more copper has to be laid down 
than is required for tlie needs of the moment, owing to 
ihe heavy cost of reinstatement, and this copper might 
just as well be loaded by consumers i^ho pay a standing 
charge based on their kVA demand. One has only to 
compare the tariffs of different supply authorities to 
note the very great difference between"^^ basing the 
standing charge upon kW and upon kVA, one under¬ 
taking quoting, sa^, £4 per kVA, and aj^other £8* per 
* General Electria Review, 1918, vol. 21, p. 697 . 
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kW, If the consumer who is paying £4 per kVA has 
a power factor of 0-7 he is actually paying £6 1^. per 
kW. That difference represents a very substantial in¬ 
crease in the revenue>of the supply undertaking, and this 
will be lost under present methods^of charging, without 
much compensating advantage if the power factor 
improvement is left entirely in the hands of the con¬ 
sumer. I have had some experience with the Kapp 
oscillating phase advancers on two induction motor- 
generator sets, each of 1 600 kW capacity, ordered in 
1914 and installed in 1916. These machines have 
operated in a*perfectly satisfactory manner, and my 
experience has been such that I would always recommend 
the installation of induction rg^otor-generators with 
phase advancers rather than sync^ironous machines, 
as tlie former give all the advantages of a synchronous 
set but with the great additional merit of simplicity 
of starting. 

Mr. W. E. Bumand : The question is essentially 
divisible into two p3rts, one applying to the supply 
authority and the other to the user. So far as the 
supply undertaking is concerned it is a matter of simple 
arithmetic and a little judgment to correct the power 
factor when it is necessary and advantageous. As 
regards the consumer, the reason that this power factor 
question has become of importance is unsuitable tariffs. 

I should Hke to point out that the current tahen by 
motors and inductive apparatus is quite easily divided 
.into two par'jks, one at unity and the other at zero power 
factor, and it is easy to get meters to register these 
readily. The ordinary induction meter indicates the 
power units, and it is quite easy to get a meter that will 
show the consumption at 90® from those, i.e. the wattless 
kVA. Trouble results from this lagging current, which, 
while it may be wattless, is not, however, useless. 
The ^magnetizing current acts as a fulcrum for the power 
current to work upon. The wattless current costs some¬ 
thing like ^d. jer kV^-hour delivered to the consumer. 
Why iiot install a meter and sell thi*ee units for Id. 
and make a profit on it ? I think the consumer would 
understand that. If tliese magnetizing units can be 
sold to him at a profit, I think it will be more satis¬ 
factory than having to make complicated calculations 
and using power-factor terms which would not convince 
the consumer that he was being charged on a fair basis. 
The paper describes really a very comprehensive collection 
of devices for improving the power factor, but they are 
all of them expensive, and I think most people wOuld 
calP^^^theni complicated. The number of parts is often 
more than in the original motor the power factor of 
which it is intended to correct. They also lower, as 
a rule, the efficiency of the plant. It is necessaiy to 
offer a strong inducement to a consumer before he will 
use such an arrangement. Excepting static condensers, 
these are chiefly adapted for large motors, which need 
not, however, have a low power factor, if run from J load 
upwards, so that it^ought to be exceptional to find a low 
power factor en a large motor. The paper gives me the 
impression Jihat the power factor is very materially 
lower witli these special machines with the exciter not 
worsting than in. a standard machine. That is due to 
the latter Sir-gap and the higher density of the 
magnetic flux in the teeth of the special machine 

VOL. Cl. 


It is impossible to make a small motor which will 
have as high a power factor as a large one, but it would 
appear possible to improve this without great expense 
or complication. It means making the auto-transformer 
part of the starter about four times normal size, and 
running the motor when on light loads on a lower- 
voltage notch on the starter. The cost would be small 
and, so far from introducing a complication, strengthens 
a weak spot. Even with the existing tariff^ this wrill 
generally be profitable. The reason is tliat the auto- 
transformer if it is properly designed is more efficient 
transformer than the motor itself. Therefore, with 
the motor at J load the power factor will be over 0-7 
and the efficiency will be practically equal to that with 
the motor running on full load. Losses in the motor 
are saved that will seldom pay less than 20 or 30 per 
cent on the original extra cost. Under present conditions 
people will not lay out more money than necessary, 
and these are not in such great demand as tliey used 
to be, but if there were a proper tariff, ahd if consumers 
had to pay for the magnetizing current, the power factor 
would be raised and the sales would increase.^ , 

Mr. W. A. A. Burgess : As a large user I should hke 
to refer to a metliod of power factor improvement 
which has not been touched upon, i.e, the improvement 
of power factor by what is called in America " electrical 
service,’* that is, advice to the consumer as to the proper 
use of his electrical equipment. I had occasion to take 
over a works containing a large number of motors and 
found that the total power factor was 0-41. There was 
obviously something wrong and I found a number of 
motors running much hotter than their loads warranted. 
On some it was found to be a question of ^excessive air- 
gap. As there may be many users who do not know 
what air-gap means to them, and do not care, they should 
be kept informed by the power si»pply authority in whose 
interests it is to secure a good power factor. To give 
an instance of this, I found in the works in question that 
it had been tlie practice when a rotor fouled a stator 
to take out the rotor and take a cut off it in ^e lathe, 

I to the detriment of the power factor and the insulation 
of tlie rotor laminations, whereas what really required 
attention was, in nearly every case, the motor bearings. 
The improvement of air-gap is often erroneously thought 
to be impossible, but I found it profitable to buy a new 
rotor in many cases where the motor was otherwise in 
good condition, while in other cases the only alternative 
was to replace tlie entire motor. If service advice 
had been given, neither contingency would have arisen 
and the supply authority would have had a. better 
power factor. After improving the air-gap the various 
motors must be arranged to carry sometlung flke their 
normal load either by changing over or getting sidditional 
loads transferred to them. By a combination^ of these 
methq^s and a rigid specification for new machines 
the power factor of tlie works in question was raised to'^ 
0 -7, no small achievement where 90 per cent of the load 
consists of induction nStotors. In connection mth the 
general question of power factor I should hke to ask 
Prof, Miles WaUmr if he can teU^^us the exact relation 
Of the power factor to the starting torque as fg^: as 
^ economic^ design of a commercial motor is concerned. 
It has been foimd on occasion that certain motcTrs of 
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the squirrel-cage type with a remarkably good power 
factor at half and full loads are apt to fail to start up 
against full load and some cases less tlian full load. 
Is this a case of locking owing to a too small air-gap, 
or merely an accidental coincidence of low rotor 
resistance ? I fail to see why there should bib such a 
extreme difference between the costs of the various 
apparatus for correcting power factor. The figures, 
given byjhe author, of 10s. to £5 or £6 are surely a 
standing reproach against certain manufacturing sections 
of the industry; For less than 10s. per kW on*^ reason¬ 
ably sized motor, say one of 600 h.p., one can get a 
Kapp vibrator complete with switchgear and the provision 
for excitation. I recently purchased one which is of 
the horizontal type with ball bearings. It was installed, 
connected and put into operation and has up to the 
present required no attention beyond general running 
maintenance. It improves the power factor most 
satisfactorily within the limits of the capacity of tlie 
motor to whichTt is connected, and has given no trouble 
whateve*. It seems to me, however, that power factor 
improvers of the Scherbius and the Kapp vibrator t 3 ^e 
are only more or less able to supply power factor 
correction equivalent to tfie load on the motor, while 
a sjmchronous motor has its full capacity available 
for power factor correction at light loads as well as 
when doing useful work. One speaker raised the question 
of the cost of excitation. In the case in question the 
excitation was by a belt-driven 0*4 kW generator from 
the main shaft, and no trouble whatever was experienced. 
The cost of static condensers, which are a useful form 
of apparatus for the improvement of power factor, 
is alarming. ^ That one should have to pay 3, 4 or 5 
times as much for a static condenser as for a static 
transformer indicates to my ngdnd a complete failure 
on the part of the manufacturers to cater for the industry 
at a reasonable price. It is a distinct advantage to be 
able to apply power factor correction to small motors, 
whidi probably form the bulk of a power-supply load 
. and the aggregate power factor of which should be kept 
as high as possible. I think there will be very few 
power-supply authorities who do not desire all motors 
connected to their mains to have a power factor as near 
unity as possible. The question of improving power 
factor by static condensers has given me considerable 
food for thought, and as an alternative to a power-factor¬ 
improving device on the supply mains it has occurred 
to me that one ihight be able to use some form of 
condenser starter. The old water-resistance starter 
had an appreciable capacity, and if it were possible to 
go beyond that and use a variable-condenser device 
for starting instead of the customary auto-transformer 
starter, find then leave the condensers on the line while 
the motor is running and switch them off only when the 
motor is stopped, I think we should get something^cheap, 
^efficient and acceptable to supply authorities and con¬ 
sumers alike. I am quite aware that there are 
difficulties in the way, but I chink they need not be 
insurmountable in these days. In regard to tariff, 
as a consumer and-also as'^a supplier of electricity 
^^gree^with what has be^ said in corutection vdtli 
giving the consumer a fair d6al. The consumer must^' 
be ^ven all the satisfaction possible, and he must be 


shown that he is getting value for his money in every 
tariff offered to him, if the business is to grow and be 
profitable^. 

Mr. A. F. Carter: The maimer in which some 
people—and in particular mechanical engineers—^buy 
motors should receive attention. They have a machine 
they wish to drive and, as the manufacturers do not 
know what horse-power is required, they take a guess 
and add 60 per cent to it, and tlie result is perhaps a 
10 h.p. motor for a 6 h.p. load. This is repeated, with 
the result that the mains are loaded up witli useless 
kVA, whereas the energy actually used is very small. 
I think that much could be done by assisting the 
mechanical engineer^ in the selection of the powers 
required for his various loads. I recently had occasion 
to measure the load on a small motor of 2^ h.p. 
The watt-hour meter was registering | k^AJj! per hour. 
This ridiculous—^though not unusual—state of affairs 
should be remedied. ^ On page 100, data relating to 
the Birmingham Corporation Electricity Supply Depart¬ 
ment are given, and it will be seen there tliat approxi¬ 
mately one-quarter of the load is composed of rotary 
converters and one or two motor-generators with a 
corresponding high power factor balancing tliree- 
quarters of the load, which consists in the main of small 
motors at a low power factor, giving an average power 
factor of 0* 79. No doubt if motors were better selected 
for their work tlie power factor could be brought up 
to at least 0* 86 in the above case. I feel that one cause 
of difficulty is the fact that in some cases supply 
engineers rule that, the current taken from the, line 
must not exceed 126 per cent of full-load current. 
This often results in a larger motor being used than is 
necessary (particularly with squirrel-cage motors) in 
order to keep down the percentage overload curren-^ 
at starting. If the 126 per cent rule® were suitably 
altered and more attention given to the sdtection of 
appropriate starting switchgear,^ no difficulty would 
be found in loading motors up to tlie "lOO per cent 
mark. 

Mr. A. V. Clayton: I think that the question of 
power factor is a burning one, especially, I presume, 
for supply companies, but I think that they are, to a 
large extent, to blame for that.^ Prior to the war I 
was engaged in designing machines on the Continent, 
and even small motors were being built witli high 
power factors; for instance, machines of 6, 8 and 10 h.p. 
at 1 000 r.p.m., and of 10, 16 and 20 h.p. at 760 r.p.m. 
had power factors of 0*93 to 0*946 at full load, and 
of about 0*89 at hd,lf load. During part of the same 
period I was engaged in designing machines for some 
English manufacturers, and as the power factor per¬ 
missible on the mains of the supply companies here 
was 0*8 we took advantage of this to design motors for 
the English market, regardless of power factor, so that 
they were the cheapest. Thus, whilst I was designing 
motors with power factors of upwarfls of 0 • 9 for use on 
the Continent, I was also designing paacliines witli 
power factors of 0*8 and upwards for uso^Jin England. 
As regards the cost of rectifying low power factor by 
means of phase advancers, some little time prior t§ the 
war I built two 20-pole, 260-h.p. machind^ for «se with 
Kapp vibrators as a trial of cost. Thfy were bad 
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motors to design from tlie point of view of power 
factor "because liiey were comparatively small machines 
for the number of poles. As the number of pples in a 
maciiine increases, S(? the difhculties in obtaining^ good 
power factor increase, because the power factor depends 
to a large extent on the magnetizing current, and hence as 
tlie number of poles in a given size of motor is increased, 
tlie required magnetizing effect, and, therefore, the 
magnetizing current, is also increased. The two par¬ 
ticular machines referred to were designed by me at 
Dr. Kappas request to give the cheapest possible 
machine regardless of power factor, but with due atten¬ 
tion to temperature-rise. Fulfilling these conditions 
tliq, calculated natural power factor was 0*835 and on 
test 0-84. The cost of the Kapp vibr&tors was approxi¬ 
mately 33 per cent of tlie cost of tlie motors, and even 
at that figurte there was no profit to the makers on the 
manufacture of the vibrators. Ifad I utilized a little 
more material in desiring the motors I could have im¬ 
proved their power factor to 0*92 at full load and to 0* 8T 
or 0*88 at half load. Tlie increase in cost of manu¬ 
facture of the motors would then not exceed 12 per cent 
of their foniier cost, because the mechanical parts of 
the motors would remain the same, the labour would 
be practically the same and it would only be a question 
of u.sing a little more active electrical material to 
obtain the higher power factor. The question of the 
lengtli of air-gap, which of course has a very large 
hearing on the power factor of motors, is entoely a 
mechanical one and should receive due consideraUon 
witli regard to the dianieter and axial lengm of the 
rotating part and the rigidity of the mechanical paxts 
of the motor. One speaker rather gave me the impression 
that the air-gap could be adjusted after is 

Siilt; tjiis, however, is not possible except by bmlc^ig 
a new rotor, rather a costly proceeding. I was surprised 
to notice m the paper a statement tliat pnvate enter¬ 
prises had no. intereJit in increasing f ® 
of their load, and that the author had no 
. experience where such cases occurr^. I 
many cases of private generating stations ^®sirmg to 
obJn better* power factors 
cases in tliis country wliere I think it wm 
that tlie improvement in the powCT ^ 

load was a distinct advantage. On® was of 

a large cotton mill where a 1 000 gen^ator w^_ 
installed This generator was an old typ , 
speed machine and haxi a rattier “Sd^ot 

efect so that in time, as the load incr^^ed. 
hold its voltage and the steam ^ 

utilised to anyttiing approaching 

wore a larce number of small motors, loom motors, etc.. 

Sg bad power factors, and eventually a stege w^ 

r3d lem either further generating 

h^e to be installed or else the bad power fector of the 

load would require rectification, ^is 

installing a synchronous phase TheLst 

fraction of the-cost of new generating plant The ^ 

condenser “ a§ it is somettmes cafi^. wsa ^ 

the cost (£3 per kVA) l^Ss and 

cost wa#. in fact. ^ less than 

at the time it was installed m 1917 was les 


£1 per kVA injected, including the cost of exciter, etc. 

I think that the author also states that ttie cost of a 
synchronous phase advance is ^be same as that of a 
generator of like capacity in kVA. This is scarcely 
the case, because in the phase advancer the mechanical 
parts arc^negligible and we only have to deal with the 
electrical energy; moreover, the speed can be chosen to 
suit the most economical design, whereas in a generator 
the speed is determined by ^that of the prim^ mover. 

(In this connection the fact must not be lost sight of 
that the highest-speed machine is not necessarily the 
cheapest.) Having regard to the electrical aM 
mechanical conditions, each size of generator, or its 
analogy the S3mchronous phase advancer, has a definite 
speed for a given kVA output at which it can be designed 
most economically, and this speed nearly always ^ffers 
widely from the natural speed of a prime mover of simttar 
capacity. Many speakers have mentioned the numb^ 
of small motors used on a supply company’s network 
and it would be very interesting to kndw the average 
size of motor connected, because on that depends^-B^hemM 
phase advancers could be used extensively to obtain 
a commercial advantage. In this connection I might 
mention that during my last year abroad the turnover 
of our works was a little over 110 000 h.p. of electneal 
machinery, and although machines of 600, 700 and 
1 000 to 2 000 h.p. were frequent and nothmg smalwr 
than 3 h.p. was made, it surprised me to find that the 
average size of machine produced there wm only about 
32 to 36 h.p. Phase advancers of the Kapp vibrator 
type can only be used at a reasonably commera^ 
cost in the case of fairly large motors, and it must to 
remembered that, apart from the vibrator itself, 

' machinery to generate a supply of direct current must 
be provided with them (for exdtatiou purpos^ unl^ 
such supply already exists. Moreover, apart from -toe 
cost there is the question of a fairly compheat^ S 3 jem 
involving at least three commutator p» “°bir to to 
attended to. as against the simplicity of the ^mg - 
forward induction motor which has done so mudi to 
popularize the use of electric power. My experience 
fs that the Kapp vibrator cannot be used to 
the power factor beyond 0-96 to O* 98 (laggmg) wi 
disJtrous consequences to the commutator. 
much wear and tear and very considerable attention. 
Kote^ converter, also, work much totter with a slightty 
lag^ power factor, and attempts to ovCT-excite,toem 

Xator can to used to only a very limited extent, 
and for the production of an equal effect are probably 
Se most costly piece of apparatus used ^r Pb^e- 
StaJSng. EvL on moderately large motors. wh«e 
their use would improve the power factor from 0*9.- 
S ?.94 up to 0-96 or 0-98. the extra compactions 
involved outweigh the little advantage gamed. It 

must to admitted that ttie K^p vibmtor 

X ^ 4 .^,. +n +hft motor from about one-tJura tuu 

KtJr I'belim.e that if statistics were of tile 

suily companies’ networks it would be found 
tbat even ^all the isolated cases where Kapp vibrator. 
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rotary converters or other phase-advancing apparatus 
could be employed, the actual improvement at the 
power station would trivial, and not nearly so much 
as could be obtained by the improvement of the power 
factor of small motors. My conclusion is, therefore, that 
power factor improvement should be sought primarily 
by removing the source of the trouble, viz. the bad 
power factor of the small motors. 

. Lieut.-GoL H. W. Watts {communicated ): One 
speaker mentioned that engineers were sometimes 
responsible for installing a.c. motors which-were un¬ 
suitable for their work, and thus obtaining a poor power 
factor. After the war I was acting as consulting electrical 
engineer for some factories in India and had occasion 
to superintend the erection of a large number of a.c. 
motors, the lay-out of which was designed by someone 
in this country. When they were set to work I found 
that the power factor of the installation was something 


under 0*4. The motors varied in size from 1 h.p. to 
60 h.p. and the majority were of 26 h.p. I foufld that 
the reason of the low power factor was, in nearly every 
case, due to the motors running dti a load far less than 
that at which they )yere designed to work. The makers 
guaranteed these motors to have a power factor of over 
0-9 on full load and about 0*8 on half load. By re¬ 
arranging the motors to run on their proper loads, 
the power factor was improved and brought up nearer 
to the requirements of the supply authority, which was 
laid down as 0 • 86. I think it an excellent idea for a 
supply authority to have a clause in its tariff to power 
users to give tlie consumer a bonus should his power 
factor be better tl?an 0-86. The Calcutta Electric 
Supply Corporation allows such a concession. 

pProf. Miles Walker’s reply to the discussion will be 
found on page 134.] 
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Mr. E. M. Hollingsworth: The almost universal 
application of alternating current during the past few 
years has brought with it the problem of power factor 
improvement, and to the practice in many cases of 
installing electric motors of considerably greater power 
than is necessary, a relic of the direct-current days, is 
due in no small measure the low power factor with 
which many supply undertakings are faced. In view 
of this it is all the more necessary to keep in touch 
with consumers, and point out the advisability of 
installing motors suitable for the loads, letting them 
understand that the alternating-current motor is capable 
of withstanding considerable overload without any 
risk of failure. Regarding the various appliances put 
forward in the paper for compensating for low power 
factor, it seems to me that in many cases the static 
condenser has the advantage both as regards capital 
outlay and operating cost. Of course, in the case of 
large installations with motors of 100 h.p. and upwards 
installed, the synchronous induction motor or rotary 
type of phase advancer should be considered. Some 
months ago the company with which I am associated 
installed a static condenser in the small power station 
of one of their works, and we are very satisfied with 
the results. Before installing the static condenser the 
power factor was in the neighbourhood of 0*6, and 
the question of installing another generator at a cost 
of £3 600 was under consideration. The static con¬ 
denser was installed for £700 and has improved the 
power factor to 0-86, with the result that the two 
existing generators are capable of dealing with the load. 
That p^rt of the paper which deals with meters and 
tariffs is of great interest, and shows how ne^.essary 
it now is for many supply authorities to adopt a tariff 
that will encourage power users to maintain the power 
factor of their load as near ilnity as possible. With 
recollections**,,of the difficulty, years ago, of trying 
to explain to the prospective® consumer the intricacies 
-df the anaximum-demand^^ system of charge, it is to 
be hoped that history will hot be repeate'd in this^ 
direction and that some suitable tariff will be arrived 


at which will take into account the power factor, and 
at the same time be simple enough for the ordinary 
consumer to understand. 

Mr. L. Breach: I always feel that this subject is 
treated from the wrong point of view, and that there* 
should be no necessity to improve the power factor 
of the system, but rather to improve fhe design of 
the apparatus connected to the system. One looks 
forward to the time when .motors and other plant 
will have embodied in their design the necessary cor* 
rection gear, and the motor with a high power factor 
wiU be started up in the same way as at present; perhaps 
in the future supply authorities will b^ able to insist 
on such plant being installed. Slip-ring voltages of 
the figure mentioned on open circuit will require special 
switchgear to protect the operator, and all apparatus 
must require little attention, because if one tries to 
persuade a consumer to install correction plant, his 
argument is that he must not only sjjpnd more on 
his plant, but must also give it more attention when 
he has got it. “ Power factor is an expression which 
should be capable of a simpler definition, as many 
engineers have a very vague notion of what it really 
means and of the far-reaching consequences in neglect¬ 
ing it. The consumer, of course, knows less; hfe gets 
sev'^eral estimates for a motor, and on looking carefully 
over the efficiencies and weighing up the question 
as to whether eventually a more expensive motor 
with higher efficiency will not benefit him most, finds it 
will and orders the^same. He studies the power factors 
and dismisses them as not being his business, but the 
supply undertaking’s. In one instance with which 
we had to deal—^a consumer with about 160 kW of 
proposed load—^we installed a 3C(p kVA transformer 
in our substation to supply him at 400 volts. An 
inspector shortly afterwards informed® us that the, 
transformers were carrjdng 277 kVA. ^n investiga¬ 
tion the consumer was found to have ap. actual load 
of 132 kW at 0''476 power factor. T]^e mattei* was 
taken up with the consumer, who suggested that if 
our transformers -^ere not big enough that was our 
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concern and not his, as he was quite satisfied with 
his plant. However, he was finally persuaded to re¬ 
arrange his motors to get better loading, with the 
result that he had several surplus motors to hdp in 
the equipment of a new factory which he was building. 

At the present time our system ^ower factor on the 
peak is 0-96, with a daily minimum of 0*79 and an 
average of 0-883. This is, of course, exceptionally 
good and is accounted for by the large number of rotary 
converters in our converting stations. These converters 
are run with slightly leading power factor, and on peak 
load about 22 0\)0 kW of plant of this type is running. 
There is also about 23 000 kW of 6 000-volt induction 
motor-generator plant installed ^ in the converting 
stations, with an average power tactor of 0-90 at fuU 
load. ■ Perhaps this high power factor was attmned 
bv the designers at a sacrifice of safety, as originally 
we experienced much trouble due to stators elongating 
and rotors fouling. This was overcome by grhidmg 
the rotors, with a corresponding lose m power factor 
due to the increased air-gap. The d.c. load wdl not, 
of course, increase in the future nearly as rapidly ^ 
the a.c. load, so that unless some encouragem^t is 
given to the consumer or plant greatly improved, we 
must expect to lose the advantage which we hold at the 
present time. Up to now we have had no 
charges on account of power factor, but ^e matter 
is under consideration as we are fully ^ve to 

Lt somethipg must be done, ^e feel, however^at 

•with the numerous clauses already attached ^ a^ee- 
ments the simpler the new arrangement is, the more 
Suy iTcante undefetood. The kVA m^um- 
dcmald charge with units c^ged 
by a cosine meter (as the author a^d 

fnuch less explanation than the preferenc 
pity- xnJtaod, which becomes very complicated 

We dve considered giving 
larger consumers to get them to instah p 
rvinrit Tn addition, wo are constantly trymg to per 

»»»»»»«■«» 

a good power factor ^ t to maintain a 

In the meantime we shall do om ^st t 

high .power factor, and we shall looK to m ^ 

,»=.«0. Of po™ 

improUn^t is rapidly <^- 

of great importance, an e p collection of 

sumois of el^tacal ei^^ suiSble for the pur^® 
various kinds ot app^ With regard to the apphea^ 

of power factor corre.^m to. if 

tion of the various la^s PP ^ synchronous 

a suitable load c^ aonlied If large slip- 

ring motors are availab , ^ ^ the case 

S a »»i P<»» <»«*“ “* 


the end of the lines. In all cases full details of first 
cost, and particularly of running losses, must be care- 
fuUy compared before a decision fan he made as to 
which apparatus is most ecojsomcal. It frequency 
occurs that the first cost of a static condenser is higher 
ti^gn that of other apparatus put forward for ^wer 
factor correction, but on comparing the running osses 
and the amount of attention required, etc., it is found 
that the static condenser is cheaper in the long run. 

I have frequently seen cases where a synchronous 
motor has been put forward for power faftor correction, 
and for doing useful work. In some of these cases the 

arrangement is not very economics. Take, for examp , 

a system which requires 270 leading kVA to give 90 b.p 
of useful work. This requires a synchronous motor 
capable of giidng 280 kVA. The losses would amomt 
to 14 kW and at 7 000 hours per annum at Id. per 
kWh would cost £410. If, on the other hand a 
90-h.p. motor had been instaUed to do the iKeM work, 
and a 270-kVA static condenser, the losges “ ^® 
plete equipment would amount to, say, 5 
7 000 houm per annum at Id. per kWh would c^ 
£146, showing a saving of £264 per annum. Wrth 
regard to the prices mentioned in the paper, viz. 10 . 
per kVA of correction for a phase advancer when 
5Sd wia a v.ry toga 

of the cost when used with motors of, say, 50 o 
would be useful, as the greater number of ^ 

are interested in motors of such sizes. I am mclinea 
to that the cost would then be more m him vnth 

LTS static condensers. A supply unde^ng 
"Xn Skrmining the charges te 
into consideration the power 
and if they do not discriminate with regard to 
ooter factor of each consumer it means that consumers 

rnnnts but in many cases are not enforced. I beueve 
^at if a suitable accurate kVA meter were available, 
tt wold iTof considerable assistance in helpmg supply 

lai' to <tol at««o. 

to the footnote m P^|^ ^ ‘ Its most important 

sot ”• 

OEI » that tto toglj^ TOteTw”# aad th. 
(see also the note by Prof. length'of the 

author's remarks on p^e f ^j^^trical plant 

vector®OE 000. The length of 

at unity P®^®"". the cost, £16 000. at 

the vector 01 wih P , the length, of any 

a lagging power q -nd the'line El will 

other vector between th^ p .• „„gi to the cosine 
tto v«tor ofe 

•gr .to vecto. IE 
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represents the Cost of the power-factor-improving 
plant. If the value of the ratio c/G ==1*0 then the 
scale of El equals Jhe scale of OE. In this particular 
case cjO equals 0'26,rso that the scale of El is four 
times that of OE. Mark off from I, along IE, a cost 
scale as shown in Fig. F and join O to convenient 


Cost of pow-er-factor-nnprcfVTng pLant, in. £ 

1500 1000 600 o-» .Initial P.r.s 0*875 

2000- 1500 1000 , 500 0<*- « « *0*812 



Repeat this for other values of the improved power 
factor and plot the results as shown by the fjill-line 
curve in Fig. G. This curve shows that the mflYimntn 
percentage saving equals 11*0 ai^d corresponds to an 
expenditure of £1 840 on the improving plant. From 
Fig. F it is seen that the angle at which this maximum 
occurs is = 14*5® and that the power factor is 0*968. 
Now take an angle, to commence with, having a power 
factor of 0*812. The zero value of the cost of the 
improving plant under these conditions coincides with 
the original value, £600. On improving the power 
factor from 0-812 to 0*876 the net savin|^ will be 

£14 800 — £13 700 - £600 =* £600 

The percentage saving in this case = 600 X 100/14 800 
= 4-1 (approximately). 

Repeat as before and plot the results as shown by 
the dotted curve in Fig. G^. This shows tlxat the maxi- 
mum percentage saving is 7*2 and corresponds to an 
expenditure of £1 340 on improving plant, and it is 
seen that an expenditure of £1 340 under the new 
conditions corresponds to exactly the same improved 
power factor as an expenditure of £1 840 under the 
old conditions. This constant angle ^ equals 14*6®, 
the sine of which is 0*26. Thus, as the author points 
out, <f} depends solely on the value of the ratio o/C and 
is independent of the original value of the angle 

Mr* T. E« Houghton: I think I am correct in 
saying that the nxathematical determination given m 
the paper of the most economical value of the power 
factor to which a system can be brought only applies 
to a new private installation^ and therefore does not 



points on this cost scale. Then, on improving th^ power 
factor from 0*75 to 0*812, the net saving will’be 

Original cost of plant — New cost of plant — Cost of 
power-factor-improving plant 

or £16 000 -- £14 OOC* — £600 «= £700 

Ihe pe'rcentage saving = *^00,.X 100/16 000 4*4 (ap-<. 

proaamately). 


hold in the case of a consumer whose present power 
factor requires improving. Nevertheless it seems to 
me to be possible to deduce a mathematical relation iff 
this case also. The author at the end bf th’e paper 
recommends a maximum demand tariff based on kVA. 
Assuming this to be the case, I find that the economical 
phase angle for a consumer so Jjharged* can be deter¬ 
mined from the expression sin F/X, where Y 
« annual charges plus running chai*ges per kVAof phase- 
advancing plant, and X = charge per kVA per annum 
of maximum demand. Shorter periods can, of course, 
be used to suit individual cases. Taking the usual 
values of X and Y, I find that cos <f> approximates to 
unity. It is also possible to deduce a formula for the 
case in which it is desired to reduce the losses, in a 
tea;nsmission or distribution system by improvement 
in the power factor. This is rather more compli¬ 
cated, but I find that the economic phase angle is given 
by the equation tan ^ « (SO/R) x F/Af, where K = per¬ 
centage losses at unity power factor, M » actual cost 
per kW per annum and F has the meaning given above. 
In this case also cos <f> approximates to unity. I think 
it is significant that the author’s expression and those 
given above all give values of the economic power 
factor very near to unity, wh^eas i^ has been generally 
accepted that the improvement in powei; factor should 
not be carried mnch beyond 0*9. Tinning to methods 
used for power factor improvement, sevSal speakers 
have drawn atteni^on to the fact that it is^'not generally 
possible to use a synchronous induction, mwtor for 
this purpose. Taking the case given in the paper of a 
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1 000“kW installation which reqxdred 600 kVA of phase- 
advancing plant, the most economical power factor 
at which to operate a synchronous induction motor is 
0*707, since the sun>.of kW and kVA is then a xnaximum. 
In the given case, therefore, a machine of 600 kW 
capacity would have been required, which is, of course, 
excessive. In a case on which I have been engaged 
with Mr. Hollingsworth, we had to improve the power 
factor of a 200 kVA load from 0*6 to 0*9, in order to 
avoid the purchase of a new generating set. This 
entailed the injection into the system of 125 leading 
kVA, and to provide this capacity by means of syn¬ 
chronous motors would have necessitated the installa¬ 
tion of a 126 kW motor working at 0*7 power factor, 
i.e. more than the existing load. In any case, in our 
business we rarely require a motor of more than 26 h.p., 
so that power factor improvement by this means is 
impossible. Vibratory phase advancers were also out 
of the question, since no d.c. '"supply was available. 
The only solution was a static condenser, and this 
has been most satisfactory. Regarding the question 
of tariffs, it seems to be generally accepted that the 
maximum-demand system based on kVA is the most 
suitable. The metering problem, however, appears to 
be somewhat complicated. As far as I can see, with the 
exception of the Aron Meter Company's maximum- 
current meter, no attempt is made to determine the 
true maximum kVA, i.e. the maximum kW divided 
by the avel;^,ge power factor is taken as the maximum 
kVA. This being so, I should like Prof. Miles Walker 
to say what is the objection to a polyphase cosine 
meter, fitted with a '‘Merz maxinium kW demand 
indicator working in conjunction with a single-phase 
cosine meter connected in the same phase as one of 
the elements of the polyphase meter. From the readings 
of th6 two ‘'meters the average power factor can 
eas&y be*determined, and hence the maximum demand 
in kVA. 

Dr. B. W.* Marcl&ant: The paper refers to nearly 
every method of power factor correction, including the 
use of static condensers. It may be interesting to 
record the ^ect of capacity on long, overhead traiis- 
mission lines. A long, overhead transmission line 
has very considerable self-induction, but it also has 
considerable capacity, and in one case that has been 
calculated of a 200-mile transmission using three over¬ 
head conductors each of 0*36 in. diameter, spaced 
6 ft. apart, it may be shown that the capacity ^fiect 
is very considerably in excess of the reactive efiect 
due to self-induction. At 60 periods such a line, if 
supplying a load of 200 amperes at the receiving end 
with 60 000 volts between phases at a power factor 
of 0*9, will require at the sending end a pressure of 
70 000 volts, and a current of 176 amperes at a leading 
power factor of 0*966. This voltage is, of course, low 
for a 200-mile transmission line, and the constants would 
haye to be vari^ for a higher pressure. It is well 
to bear in mind that a phase advancer is specially 
adaptable Jp large motors. Some months ago I made 
an inquiry for one to be used in connection with a 
10 h.p. motdr, and its cost was very nearly as large as 
that oithe ifiotor. For motors of 100 h.p. or more, no 
doubt the phase advancer is cheaper as compared with 


the motor. The rating of the phase advancer for a 
given amount of leading kVA is only about 6 per cent 
of the kVA that is to be injected, since the current is 
injected into the rotor of tfie motor by the phase 
advancer at the slip frequency instead of at the line 
frequency. Consequently, the current required to 
produce the necessary compensation for the magnetizing 
current in the stator will have to be supplied at a much 
lower voltage. If the slip is 6 per cent the voltage 
injected will be only 6 per cent of that required at 
the line frequency. For small motors, static condensers 
are the cheapest method of correcting the power factor. 
For larger machines the phase advancer may be less 
in capital cost, but there is another point which must 
be taken into account. If we take a motor with a 
phase advancer working with a full-load slip of 6 per 
cent, and assume, for example, that it is necessary 
to inject 200 kVA of leading current, only 10 kVA will 
have to be injected by the phase advancer, but the 
power taken by the phase advancer wdll be from 1 to 
1*6 kW, If condensers were used instead^ with a 
power factor of 0*0016, the power that would De required 
would amount to only 0*32 kW, or, roughly, one-third 
of the power that is used by the phase advancer. The 
actual power loss is small and, therefore, the cost of 
the extra energy used per annum would probably be. 
compensated for by the smaller capital charge due to 
the phase advancer. It would be interesting if Prof. 
Miles Walker could give in his reply any information 
as to the limit of power of motor below which it is not 
economical to use phase advancers. 

Mr, J. G. Prescott: The number of condenser 
units* required to absorb a given amount of lagging 



kVA is found from the equation n = PlO^I{coce^)s where 
P lagging kVA. c = capacity of each condenser unit, 
and e =« working voltage of each condenser unit 
Although tins would, in general, give the exact 
number, certain other conditions must be fuifilleS. for 
a balanced polyphase load. In the first case, n must 
be divisible by the number of phases, andi further, 
the iSnits for each phase must be capable of arrange^ 
ment in an integral number of lines, each line con¬ 
taining an integral number of units. Thus in the 
three-phase case shown in Fig. H there •must be 
7/3eca> complete lines in parallel, each* consisting of 

—umts. 

Mr* C. Rettie : The paper apparently deal» only 
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with land practice, t>ut the problem is, in many respects, 
applicable to the electric propulsion of ships, although 
the conditions of on^ may be different from those of 
the other. The first ba'ltleship in America fitted with 
electric dfiye had squirrel-cage induction motors having 
two windings on the rotor with high and low resistance, 
respectively. The efS.ciency was so low, however, that 
in the other ships fitted up by the General Electric Co. 
of America the system was altered, the principle being 
the same,^but a winding on the rotor was introduced 
with slip-rings to raise the power factor, the. winding 
being cut out when the motors were up to speed. In 
the later electrically-propelled ships in the merchant 
marine built in this country and America, synchronous 
motors have taken the place of the induction motor, 
on account of the high power factor to be obtained. 
In a paper * read before the combined meeting of the 
American Institute of Electrical Engineers and Naval 
Architects lash winter in New York an interesting 
discussion took-, place between the author and Mr. 
W. L. Emmet, consulting engineer of the General 
Electric Company, on this question of power factor. 
The reiharks of Mr. Hollingsworth would apply to land 
practice but not to the electric propulsion of sMps, as a 
big reserve of power is essential. In a recently published 
report of a voyage of the U.S.S. " Maryland (one of 
the latest American battleships to be fitted with electric 
drive) it was mentioned that at times, to maintain 
an average speed of 18 knots for the 7 000 mil es covered, 
rough weather being experienced all the way, 8 000 h.p. 
above the normal had to be used. The propellers rising 
out of the water and the sudden loads thrown on the 
motors show, I think, that the conditions are totally 
different froifi those experienced in land practice. 
Phase advancers have not, up to the present, been 
used in connection with^the electric propulsion of ships, 
but they were proposed by Mr. W. E. Thau in the paper 
mentioned above to raise the power factor of induction 
motors. Synchronous motors, even with induction 
characteristics, are not suitable for the electric pro¬ 
pulsion of ships, except in the case of cargo ships 
where the question of efi&ciency does not apply so 
much as economy. In battleships and large, fast pas¬ 
senger liners where efdciency and control are of the 
greatest importance, however, the induction motor is 
the best, provided some means, e.g. phase advancers, 
could be adopted to raise the power factor. 

Mr. A. E. Malpas : The paper gives a valuable 
review of the various methods of improving power 
factor, and I gather from the various remarks that 
have been made that, at all events for a moderate-sized 
installation, the static condenser method is still the 
best. With this view I agree, although in the future 
it may be that some of the more modem types of rotary 
device will become more and more adopted. The 
average user, however, attaches more importarice as 
a rule to reliability than to the last word in imp roved 
power factor. As a user, therefore, I would ask those 
who arePincliried to criticize too severely those of us 
who put in ifiotors of a rather: higher capacity than 
absolutely required in q^rmal working, -to look ati 

InstiiuU of EUctrical ^Engineers, j 
ivZl, vox. 40, -pp, 1465 and 1519. <1 


the case occasionally from our point of view. In the 
case of a large works running a continuous process, 
wherein one stage of the operations depends on the 
continuit}? of the previous stage, it is not permissible to 
have any avoidable interruptions, and the blowing of 
^e fuses of a motor is, in general, one of the avoidable 
interruptions. In the case of water pumps, etc., it is 
easy to arrange the motor with a reasonable margin 
for safety, but in others it is not so easy, e.g. in haulage 
gears, furnace drives, etc., where the load may be 
very variable and a large margin over the ordinary 
average load must be allowed to cover possible con¬ 
tingencies. In such a works, considerations of power 
factor take a very nj^mor place, with the result that 
the average cos ^ may be as low as 0* 6, or .even 
less. It is- possible for this state of affairs to continue 
for years until the time arrives when, on^ account of 
extensioxis to process plants the question of extensions 
to the electrical generating plant also arises and then 
it becomes necessary to consider devices’ for the improve¬ 
ment of power factor. Cases have been known where 
the expenditure of a comparatively small amount on 
static condensers has avoided a far larger expenditure 
on generating plant, but it would obviously be im¬ 
possible, from capital considerations, to scrap a large 
number of motors in an existing works merely to sub¬ 
stitute others of some of the types mentioned. 

Dr, T. F. Wall: Professor Miles Walker has shown 
on page 102 how to deduce the magnitude of the con- 



Fig. J. 


denser capacity to which the vibrator is equivalent, 
and it is of some interest to obtain algebraical expres¬ 
sions by means of which the performance ^f the motor 
may be calculated for any value of the slip and of the 
equivalent condenser capacity. These expressions are 
most easily derived from the equivalent circuit by the 
use of complex quantities, and I give below the expres¬ 
sions so deduced for the stator current and for the 
torque. Similar egressions for the other charactefistic 
quailtities are easily" obtained. The equivalent circuit 
for an induction motor having a . balanced condenser 
system connected to the rotor slip-rings is given in 
Fig. J, where Pj volts per phase is the supply pres¬ 
sure; 7*1 ohms per phase is the stator resistance; 

Xi ohms per phase is the stator reactance; xi,^ ohms 
per phase is the rotor inductive reactance reduced to 
the stator number of turns and stator frequency (i.e. 
the frequency when the rotor is statitaary) ; a?c 2 ohms 
per phase is the rotor condenser reactance reduced to 
the stator number of turns and stator frequency (i.e. 
the frequency when the rotor is stationary); 4 ohms 
per phase is the rqtor resistance reduced to the st§.tor 
number of turns; and 8 is the rotor sHp. Further, 
assuming a three-phase stator winding, let u be the 
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ratio of the number of turns per stator phase to the 
nunSber of turns per rotor phase. Then for any 
value of the slip s 


! ohms 


X 02 


where O 2 farads is the actual value of the condenser 
capacity in the rotor circuit, and <0 = 2-3r X (supply 
frequency). 

If rg ohms per phase is the actual value of the rotor 
resistance, tlwn 

rg = u^2 

If xz ,2 phase is the actual value of the rotor 

inductive reactance at st^dstxll, <that is, at the full 
frequency of supply, then 

a?x2 = y^00L2 

For any value of the slip a tlie impedance vector 
of the reduced rotor’circuit (Fig. J),'‘is ^ven by 


r., , .(> 


ciTYipift matter to determine the locus of the primary 
current vector, 2 i, for any value of the condenser 
capacity connected per pha§e ‘In the rotor circuit. 
If the rotor slip-rings are short-circuited, this condition 
corresponds to an infinitely large value for C 3 , so that 

= 0 , and 

f 0*165 

= -1-^{0-646) 

The formula for the stator current, Zj, then ^ves the 
ordinary circle diagram for the short-drcmted ^rotor. 

In Fig. K are shovm the currint diagrams so obtained 
for the following three cases, viz. 

(i) The rotor slip-rings short-circuited, i.e. Og in¬ 
definitely large. 

fii) A capacity of 10 F per phase connected to the 
rotor slip-rings, i.e. Og = 10 . 

(iii) A capacity of 1 F per phase Sonnected to the 
rotor slip-rings, i.e. Og = 1 . ^ 

It is interesting to note here that if ihe value of Og 
is made very small and eventually becomes zero, the 
current diagram shrinks to a point, viz. the open-circmt 
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^ Fig. K. 

The vector of the primary current may then be 
written ^ 

_ r 1 + 

where -t- jxi : Fa = go — A1 = 1 + 

^xambU.—K 60-h.p.. 8-pole, three-phase ind^tion 
motor with star-connected stator is connec^d to a 
supply pressure of 600 volts at a frequency of 60 penods. 
Tim constants of the machine are as follows: 

r, = 0-129 ohm: = 0-606 ohm; 

=0-129+5 0-606; gra = 0 • 0038 mho ; 
hi = 0 - 0476^0 ; F» = 0-0038 -3 0-0476 

4 = 0 - 166 (»hm: 35^2 = 0-646 ohm; « = S; 

K —I + ^ (very approximately); 

$ \ 


Slip 
Fig. L. 


point A. That this is so is apparent from the fact 
that when Oo = 0 the condition is that of the open- 
cSuited rotor. The torque of the motor is given 
by the following expression ; 


— synchronous 

'wattst 


where Vg faxads is the magnitude of the capacity per 
phare connected in,the rotor circuit.. It is thus a 


3P?(r^5) ^ _ 

[{ri+.B:(r'2/a)?+[»i+Si»JD2-(®02/«^)}l® 

In Fig. L the values of the torque axe plott^ for 
the same three cases m are represented m Fig. K. 

[Prof. Walker’s reply .to the discussion iWll be 

found on page 134.] 

* Ssie E Abnolb: "Die Wecliselstromtechnik,” vol. 6, part 1, 

feet units, then 

' Xorque ia Ib.-ft. = synchronous w3tts), whelfc 

Bir.p's. is the speed of the rotating field. 
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Mr. L. H. A. Carr : The information contained in 
the paper clearly falls into two classes. The first deals 
with the financial question, i.e. how the tariffs should 
be framed so as to allow for the division of the saving 
effected by the use of power factor apparatus ; and the 
second concerns the actual apparatus which can be used 
for correcting the power factor. The first question— 
the saving to be effected and how tariffs should be made 
to meet the point—^is one with which I cannot deal 
adequately ; but I am glad that tlie author has stressed 
the point that, as the consumer has to pay for the power- 
factor-coirecting apparatus, the supply authorities 
must persuade him to use it by making some difference 
in their tariffs. Some supply authorities do not give 
any rebate for a better power factor, and it is obviously 
not economical for the consumer to put in more expensive 
machines in order to get a better power factor, if he is 
to derive ao benefit from doing so. The question of 
the improvement of power factor is, therefore, really 
in the hands of the supply authorities themselves; if 
they agree to make a tariff which will give some sort of 
a fair division of the saving, consumers will introduce 
the power-factor-correcting machine, but if no advantage 
is offered they will not do so. There is one type of 
machine for power factor correction which has been 
practically ignored in the paper. It is to be regretted 
'that the author has said so little about the ordinary 
salient-pole synchronous motor with squirrel-cage 
starting winding. This machine is not described, as 
are other power-factor-correcting appliances, beyond 
the single mention on page 97 that one particular 
firm manufactures this type of machine. Possibly 
the author thought that it was too well-known to need 
description, but I suggest that it should be emphasized, 
particularly as the paper will probably become a classic, 
that the salient-pole synchronous motor with squirrel- 
cage damper windings for starting is probably the most 
widely used machine for power factor correction; and 
further, since names of manufacturers have largely 
been used in the paper, it should be recorded that this 
type of machine is made by, I believe, all the manu¬ 
facturers of medium- and large-sized machines in the 
country. Since something like one-third of the paper 
deals with the synchronous induction motor, I propose 
to deal with this subject at some length. In Fig. 4a no 
exciter change-over switch is shown. It was the practice 
of the old British Westinghouse Company, and is the 
practice of the present Company, to use a switch, either 
singleirpolS or three-pole, to cut the exciter out of circuit 
when starting up. In fact, Fig. 4g shows the standard 
practice ^hich has been adopted by this firm for many 
years. At the foot of page 97 the author states^that 
it is modern practice to keep the moment of inertia 
of a synchronous induction motor as small as possible 
in order to render synchronization more easy. This 
point is really of no importance. Investigation shows 
that the modem S3rachronous* induction motor will 
sjcnchronize, at full load on ^ periods, against moments'^ 
^ inertia some 60 to 100 times* the moment <Jf inertia 
of th^ motor itself, with correspondingly greater figures 


for lower periodicities. The moment of inertia of the 
load is thus of far mqre importance than the moment 
of inertia of the motor. In one case recently where 
a sjmchronous induction motor was coupled to a large 
low-speed mine fan, it was found that at full load the 
motor would synchronize against a moment of inertia 
9*7 times that of the combined fan and motor, while 
in the case of the high-speed compressors with relatively 
light fl 5 rwheels the margin is very much*^ greater. On 
page 96 the author states that the direct-current excita¬ 
tion on the *’ star ” connection must be •y/2 times as 
big (in amperes) as ^e S 3 mchronous alternating current 
per phase for the same copper loss. Referred to the 
fundamental sine wave of the ampere-tum space curve, 
which is the useful portion ef that curve, the M.M.F.'s 
due to these two currents are identical. This, however, 
is not a complete statement of thS case, since, if the 
excitation were fixed at the above figure, the pull-out 
torque as a synchronous macliine would equal the 
full-load torque, and so the actual direct current applied 
must be increased. If saturation be neglected, the 
excitation current will be exactiy proportional to the 
pull-out torque. This means that, under the conditions 
stated, the exciting current in amperes must be from 
2j* to 3 times as great as the asynchronous secondary 
current at full load. Methods of reducing^ this ratio 
by different arrangements of the windings have been 
discussed elsewhere.* While it ^s true for the ** star ** 
connection that the same M.M.F. is produced for the 
same copper loss by direct current as by alternating 
current, it does not always follow that the same copper 
loss is always accompanied by the same M.M.F. Working 
again in terms of the fundamental sine^wave of jjhe 
ampere-tum space wave, it is found that with Sither of 
the distributions corresponding •Jp the ^two limiting 
conditions of three-phase excitation, that is to say, 
the phase bands carrying currents in either the ratios 
I» h or 0*866, 0*866, 0, the losses for the same ampere- 
tum curve are the same. This includes ^three-phase 
windings and also the single-phase winding where the 
correctly spaced two-thirds of the rotor periphery 
carries the excitation current, the rernainder being idle. 
If the rotor be given a uniform current distribution, 
however, as in the case of some of the windings illustrated, 
then^ other things being equal, the copper loss for the 
same ampere-tum wave will be increased by 12 per 
cent. The '' ingenious arrangement illustrated in 
Fig. 4/ is merely the well-known star-delta connection 
with one leg omitted. With reference to Fig. 8 and 
similar diagrams in the paper,^ it should be emphasized 
that the right-hand circle truly represents the asyn¬ 
chronous operation of the machine oifiy when the exciter 
is cut out of circuit. It does not represent what really 
happens when the machine is overloaded and falls out 
of step as a S 3 mchronous machine, as under these cir¬ 
cumstances, in addition to the induction motor current 
shown on the diagram, there is superposed on it a large 

* Se^ for instance, L, H. A. Carr ; “ Inductioif-type S^yncliro* 
nous Motors,” Journal 1922, vol. 60, p. 166, and -the 

discussion thereon. 


131 


KAPP: THE IMPROVEMENT OF 


oscillating current due to the synchronous action of 
theb machine, which causes heavy surges in the line and 
which persists so long as the exciter remains in circuit. 

Mr, S. J. Watson: The question of Jower factor 
correction is daily becoming of greater importance. 
Some few years ago when three-phase a.c. distribution 
commenced, it was not of much importance, because 
were not utilized to anytliing like their full 
capacity; but as the load increased and the powe^ factor 
fell, difficulties have been experienced in obtaining the 
full advantages from the material provided, and any¬ 
thing that cSin be done to improve the power factor is 
in the right direction. Those who are engaged in 
industrial areas know quite well that the main cause 
of a low power factor on a supply* system is the use of 
motors on a very small percentage of their full-rated 
duty. This occurrence cannot altogether be provided 
against, although I thinly that some improvement in 
that direction is taking place by ^ouping machines on 
a motor instead oifr utihzing individual drives. In any 
case the advisability of raising the power factor so as 
to approach unity is important by reason of the extension 
of the use of a.c. supplies. Towards the end of the paper 
the author deals leather fully with the matter of charges 
and this ipadoubtedly demands attention, because if 
money is spent on generating and transmitting a certain 
kW demand with an assumed power factor, if the power 
factor is lower than anticipated the capacity of the 
equipment is reduced, and it is impostible to obtain 
the income which would otherwise be available, 
supply undertakings have not, as yet, adopted a tariff 
based upon kVA demand, but are stiU continuing with 
a charge per kW. Sooner or later some modifications 
will have to be made to compensate for the money 
spent which is not being fully utilized. My own view 
is that ther^ should be one tarifi based upon the actual 
deftiand, and then a somewhat lower figure for the 
difference between the kW and kVA demanded, because 
the costs winch are incurred in connection with genera¬ 
ting a supply, and its transmission, are not all based on 
kVA. For instance, the costs incurred in connection 
with boilei*h6use equipment, prime movers, condensem, 
etc., depend solely on the kW demand and are quite 
unaffected by the kVA demand. I do not think, there¬ 
fore, that one is entitled to charge the same price per 
kW and per kVA. The fairest way would be to charge, 
say, £4 or £5 per kW demanded and malj;e a lower charge, 
say of £3 or £4, for the difference between kVJ and 
kVA. Such an arrangement would ensure to the under¬ 
taking an adequate income from the money spent, 
which is the main object of a tariff. Regarding the 
provision of power-factor-correcting devices, it is perhaps 
unfortunate that individual pieces of apparatus cannot 
be made so that they are self-compensating, but in 
the majority of cases it will be found expedient for the 
consumers themselves to install the necessary apparatus, 
and they will be Encouraged to adopt this course if the 
taiiff is designed to secure to them an appreciable 
reduction in their accounts, 

Mr, L. Preece : The paper shows how many 

different pi&es of apparatus have been evolved for 
purpose of power factor correction; but I should liker 
to ask what is the use of spending time on such apparatus 
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if we cannot persuade the municipal bodies or the power 
companies to push the matter. The question vrill 
certainly lag unless something is done. Municipal 
engineers have an association of their own. I suggest 
that some of their members should deal with the subject 
and formulate some fairly uniform system of charging, 
coupling with it a simple way of explaining the condi¬ 
tions of power factor correction. It is difficult to get 
Lancashire mill manufacturers to discuss this question, 
but if it could be made' more thoroughly understood 
much more apparatus would be used, which of course 
would be ultimately for the benefit of the power stations. 
The power companies appear to have considered the 
subject of power factor correction more than the 
municipal authorities; probably because they have to 
look after everything in the way of getting as economical 
a supply as possible and obtaining the maximum 
revenue. Until something general is done I am afraad 
that power factor correction will remain where it is. 

I recognize that many of the larger municipal st 2 \(tions 
have seriously considered the question and^ave given 
benefits for high power factor, but there '^re a large 
number of smaller industrial towns which have done 
little or nothing. The paper is an important one and 
I am sure that it will lead to the budding of a great deal 

of additional apparatus. " 

Mr* H. G. Lamb : On page 92 the author states 
that he is " not aware of any instance where a consumer 
drawing his supply from a thermic works has put up 
a rotary condenser on his own premises for power 
factor improvement.’’ If the Manchester generating 
stations are '* thermic works” then there is an instance 
where a rotary condenser has been installed on the con¬ 
sumer’s premises for the improvement of power factor. 
That installation was made in 1917. I was much 
interested to see in the pape:^ the figures given for the 
Birmingham Corporation power supply. Companng the 
Manchester Corporation supply with that of Birmingham, 
and no doubt other undertakings, I think it is evident 
that the former is in a very happy position as regards powfr 
factor. That is because such a large proportion of the 
power is converted to direct current. With a load on the 
Ic. generators of about 80 000 kW one half is converted 
to direct current. The result is that at times of maximum 
demand the power factor in Manchester is over 90 
per cent. Some of the converting plants have a slightly 
leading power factor and the reminder of the power 
supplied as alternating current evidently has a power 
factor of over 80 per cent, which seems a surpnsingly 
good result. It is quite evident that so far as the 
Manchester pubHc supply is concerned, the problem 
of power factor improvement is not so acute ^ it is 
with many undertakings, and that perhaps explains 
the difficulty wliich is in the mind of m, 

Probably most municipalities convert a considerable 
proportion of their power to direct current for tractiwi 
supply as well as for lighting and power, and it certamly 
is not the fact that municipal engineers are less keen than 
company engineers on obtaining the n^st dbonomical 
result. The real reason, I think, is tHat some power 
companies-have no tractigp supply, and, convert pra^ 
tically nothing to direct current, with the cons^uen^ 
that their power factors are often very low indeed. In 
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Manchester we have recognized the need for encouraging 
the consumer, ancj in our agreements with large power 
consumers there is a oJlause which gives a rebate and a 
penalty on high and lo”^ power factor, respectively. 
The author, I think, suggests that the fixed charge 
should be based on kVA and that that is the only 
sound S 3 rstem, but there is something to be said on 
the other side, because it is the continuous power factor 
and not merely the power factor at the time of maximum 
demand, thal: is of importance," It is also stated that some 
undertakings base their charges on kVA mapdmum 
demand instead of kW njaximum demand, but I believe 
that very little has been done in that way. One reason 
for this is the lack of suitable kVA meters. In the 
Manchester tariff what has been aimed at has been to 
give the consumer a rebate on his converted power 
factor taken over a period, and we have taken a figure 
of 80 per cent as a standard. The average power factor 
is obtained by tfie readings of two single-phase watt- 
hour .meters taken over a monthly or a quarterly period. 
If the av^age power factor so obtained is over 80 
per cent the consumer is allowed a discount of 0* 33 per 
cent for every 1 per cent improvement, and, similarly, 
there is a penalty if the power factor fails below 80 per 
cent. I should be glad if Prof. Walker would say 
whether, to take the simple example of a consumer with 
a demand of 1 000 kW and an annual bill of £10 000, 
if he improved his power factor from 0*8 to 0*96, for 
which, under the system I have mentioned, he would 
receive a discount of 6 per cent (that is, £600), that 
would make it worth his while to install power-factor- 
correcting apparatus and bear the losses in it. 

Mr. L. Romero : I should like to associate myself 
with Mr. PreecG's remarks. The information given in 
the paper as to the practice of various power companies 
in adjusting their charges to compensate for power 
factor is of great interest. The systems adopted all 
seem to be different, and in my opinion none of them 
is ideal. For instance, the system of charging so much 
per kVA instead of per kW is unfair, as it makes the 
low-power-factor consumer pay more than he equitably 
should, and the high-power-factor consumer less. It 
is, I think, quite time that the various supply authorities 
evolved, a really equitable system of charging for power 
factor which could be adopted as a standard all over the 
country. It is important that any variation in price for 
variation in power factor should bear as close relation as 
possible to the actual difference in the cost of supplying. 
We, in Salford, have devised a system of charging for 
power factor based as nearly as possible on the actual 
costs. Our charge for energy is a combined one of so 
much per kW per annum plus so much per unit, and is 
subject to advances as the power factor falls below 
unity. These advances are graded to follow a formula 
which we nave worked out. For example, the variation 
fa?om unity to 0-9is less than from 0-9 to 0*8, and so on. 

Mr, G. S. Gorlett: I propose to limit my remarks 
purely to one class of consumer ki whom I am particu¬ 
larly interestec^ namely, mining plant. While one is, of 
course, familial!^ so faj; as the general principle goes, 
with the yariqus methods o^ improving power factor, ^ 
ar mining plant one has also to consider that all these 
rotath^ airangernents for the correction of power factor 


can only be applied when they are-rotating. There are 
relatively few continuous operations in a colliery except 
the ventilation, and for many reasons one hesitates 
about installing S3nichronous motors ior driving a mine 
fan. What I particutoly want to emphasize is this. 
I am responsible for purchasing current under various 
types of agreements from public authorities and muni¬ 
cipal authorities in different parts of the country, and 
the different principles of charging may be summarized 
as a plain flat rate, a differential rate—one rate by day 
and a lower rate by night and at week-ends—and the 
rest, by far the greater majority, on a maximum-demand 
kW-year basis, plus a unit charge. In many of those 
cases I have taken up the question of a consideration 
in the consumer’s kill for an improvement in po\ 7 er 
factor, and in one or two instances have been met with 
a flat refusal. Obviously one cannot recommend a 
customer to spend any mon^y under those conditions, 
because he will be in e'xactly the same position after 
doing so as he was before. In other cSses I have had con¬ 
cessions offered, but the practical financial result has been 
so small as not to justify any expenditure. I am pleased 
to hear from Mr. Lamb that in Manchester there is 
a uniform bonus and penalty for variations up or 
down from a definite standard power faqtor. In a 
case which I had to consider quite recently the proposal 
was that the power factor was to be taken at 0*8 ; there 
was to be a very heavy penalty if it fell below this and 
an almost infinitesimal concession if it was exceeded. For 
that and other reasons the proposal was not accepted. 
I have used, witli extremely satisfactory results, static 
condensers on colliery generating plants, and I believe 
that I installed the first such equipment on 3 000-volt 
mains. It has worked for many years without trouble 
or any maintenance costs. A condenser equipment 
possesses the following advantages, most*^ if not 
of which are absent in any rotary device*? High 
efficiency; continuous operationca:^ be built in separate 
sections, which can be located at the points where the 
low power factor arises ; and, consequently, line losses 
are reduced and line capacities increased. 

IVir. A. B. Mallinson : On reading the ;^aper I was 
impressed with the great advances tliat have been made 
since Mr. Carr read his paper last year.* I then ventured 
to suggest that the supply authorities should give an 
inducement to customers to install machines which would 
improve ^eir power factor, and I was rather ridiculed 
for tl^nking that such a thing could be done. Another 
point that occurred to me as an adviser of consumers is 
this. One may be told : ’’ Get the customer to pay for 
the improvement device when he is putting his machines 
in,” but are these! machines absolutely as reliable as the 
simple motor which otherwise would be installed ? 
Particularly is this important when it is borne in mind 
that almost invariably there will be such a device on 
the most important drive in the installation, one that 
will run day and night. If a machined to be installed 
that is more or less a Ibox of tricks, and* the risk of 
interruption of supply is thereby run, nal^rally H:he 
customer will hesitate. I was pleased to hear froin Mr. 
Lamb that direct enrrent still has some consideration 
''in electric supply. I think that there is a l8t to be said 
. ♦ Journal 1922, vol. 60, p, 166. 
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for direct current as against alternating current; and to 
hear that Manchester regards the direct-current load 
as being of great assistance from the point of view of 
power factor is v^ry refreshing. 

Mr. G. A. Cheetham : One speaker has commented 
on the diversity of charge in connection with power 
factor tariffs. In my opinion that is, to some e^ent, 
due to the difficulty of measuring kVA. If this did not 
exist there would be more uniformity in the methods of 
charging. In America a good deal of attention has been 
given to this subject of measuring kVA, and many 
wonderful devices have been produced to bring about 
the desired result. It is possible to get a fair approxima¬ 
tion to kVA measurement, provided that the range of 
power factor change is known to l?egin with, and much 
work is being done in that connection at the present 
time. Acustomer wants to see a simple dial, to be able 
to read it in the way in*whicji he read his watt-hour 
meter, and to compute the bill without using a slide rule. 

I - hTii-nk something will result from*this extension of the 
range of power factor over which kVA can be measured, 
and in that event much of the diversity of charging 
will disappear. 

Mr. V. Mallalieu : It has been remarked that the 
paper caiv^^ divided into two parts, first the financial 
and secondly the technical part. In spite of what has 
been said by the previous speakers the technical side 
has been quite well taken care of, and the author gives 
a number*of different metliods of improving the power 
factor. The static condenser method does not entail 
the use of running machinery; it has been applied to 
large plants and is absolutely reliable. I agree with 
Mr. Preece that if the supply authorities will begin to 
educate the consumer as to the advantages of power 
factor iiiiprQvement, and give him a financial benefit, 
users ii^tum will buy the apparatus, which can be readily 
supplied. It is really a move on the part of the supply 
authorities which is wanted now. Mr. Watson remarked 
that the cause of bad power factor is largely to be found 
in underloaded motors and in the use of small motors. 
That is qrgte true, but I disagree with him when he 
advocates the use of larger motors and group driving 
as against the smaller motors. That is entirely against 
the trend of present-day practice and future develop¬ 
ment. The full advantage of electrical transmission 
is only obtained when the motor is brought up to the 
mabhine. In the case of a factory or a works ^s no 
good bringing electricity to the factory and putlSng in 
a large motor in the place of a steam en^ne. The full 
advantage of electricity can only be obtained by sub¬ 
dividing the driving, and the choice of the size of the 
motors should be governed by factors such as works 
organization and the characteristics of the machines 
that have to be driven. We must give the best service 
possible for the particular operations involved, and leave 
the question of ppwer factor improvement to the experts 
who are capable of dealing with it. I recently saw 
. a curve, shoVing . the changes during the last 10 yea^ 
in the practice in American textile mills in regard to the 
size of ihotgrs. In this curve the average horse-power ^ 
per motor plotted against years, anditwasastomsh- 
ing .to*see how the average horse-power per motor had 
decreased in that period, the present average size of 
motor being only about 6 h.p. 
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Mr. E. P. Hill; In connection with the author’s 
remarks on the rotary condenser, there are toee 1 260- 
kVA sets installed on the Sputh Metropolitan supply 
at Crayford, which are started up by starting motors on 
the self-synchronizing principle, the starting motor 
windings being connected in series with the main 
condenser windings. After the set has pulled into 
step these motors are short-circuited in the same 
manner as rotary converters. This considerably reduces 
the starting kick as compared with tap starting, and 
avoids- the necessity of synchronizihg, so that less 
skilled attention is required, the sets being ready for 
load in approximately 1 minute from standstill. The 
beneficial influence of a rotary-converter load upon the 
power factor of several municipal central stations has 
been brought out both in the paper and during the 
discussion, and the importance of this factor in actual • 
practice warrants preferential treatment for the rotary 
converter over other types of conyerting plant, the power 
factor of which is not so good. AlthcTugh the araature 
copper loss of a six-phase rotary converter ^11 increase 
about 30 per cent for a 30 per cent wattless cojnponent, 
this copper loss is only a small part of the total losses 
in the converter. For example, in a 1 500-kW rotary 
converter the total loss would be of the order of 66 kW 
at full load and the armature copper loss at unity 
power factor, say, 12 kW, which would increase at 30 
per cent wattless current to 16-6 kW and, together with 
the increased field loss, would bring up the. total loss 
to, say, 70 kW, i.e. the total losses have been incre^ed 
by 7 • 6 per cent only. The small extra copper required 
for this amount of wattless component can usually 
easily be accommodated and is advisable as a safeguard 
against overloads and improper use in service. A normal 
rotary converter is, therefore, capable of running with 
a reasonable amount of leading wattless component 
without any fear of serious overheating, so that approxi¬ 
mately unity power factor can be obtained on the high- 
tension side of the transformer, the rotary converter 
taking care of its transformer magnetizmg current 
and the necessary reactance embodied in its transformer 
for voltage control. If a heavier leading wattless current 
were required, it might become essential to reduce the 
d.c. output, but, as has been shown in the paper, 
most valuable improvement of station power factor 
is obtained by running at unity power factor or 
with only a reasonable amount of leading wattless 
Current. 

Mr. E. R. Fry ; The importance of this subject from 
the supply company’s point of view has scarcely been 
mentioned in this discussion. Loads have b^n steadily 
rising and in the case of some power compani^ it ,is 
not a matter of transmission feeders 12 miles long 
as mentioned by a previous speaker, but iqpre nearly 
100^ miles. Lighting loads as represented by ^e^ 
phase low-tension distribution networks have to ne fdd 
from the end of these long feeders, and the regulation 
of the line has to be Trept very good indeed. ^ Cases do 
arise. when it is a question whether t© lay dupheate 
lines or to install power-factcjr-correcting machmery, 
and I think that the tendency of the large ppwer com¬ 
panies to-day is to dTdopt the latter alternative and 
improve the line regulation, rather than incur the expense 
of duplicate feeders. 
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Professor Miles Walker (in reply ): Several of 
the speakers, including Dr. S. P. Smith and Mr, Ayres, 
have spoken of the weak points of the synchronous 
induction motor. It is generally admitted that this 
type of motor when properly designed does the work 
required of jit in a perfectly ^satisfactory manner and 
can be run at unity or a leading power factor. It is 
of interest to cofapare the performance of this t 3 rpe 
with that of an induction motor supplied with a Leblanc 
phase advancer. First, with regard to overload capacity, 
it is seen from the locus curve shown in Fig. 13 that 
the induction motor with a phase advancer can take 
a much greater overload than a motor having either 
of the locus curves shown in Fig, 6. One cannot, of 
course, count the Heyland circle as part of the locus 
curve of the synchronojus induction motor, because the 
motor is not designed or intended to run on that part 
of the curn^e. The torque then is irregular and the 
power fac&r very bad. Even if the synchronous 
induction motor is over-exdted so as to take full load 
at 0*9 power factor, the chaActeristic is not nearly so 
desirable in shape as that shown in Fig. 13. Now we 
have seen that to give the synchronous induction motor 
a reasonable overload capacity, it is necessary that it 
shall carry a very great field excitation, and this means 
more JfiR losses in the rotor than would be necessary 
in an as 3 mchronous motor when taking normal load. 
That is one of the reasons why the S 3 m.chronous induction 
motor costs more than the plain asynchronous type. 
In a great number of cases an induction motor fitted with 
a phase advancer could be built on a smaller frame 
than is ordinarily employed for a standard motor 
without phase advancer. ** This is because the phase 
advancer makes a little motor stand up to its work and 
one can safely put in a smaller motor to do the work, 
provided the average heating due to the load is not 
going to be too great. When phase advancers come 
to be made in greater numbers they should not cost 
much more than the exciters now supplied with the 
S 3 mchronous tj^e. The average load on the phase 
advancer will be less. As against the slight disadvantage 
of having three brush arms to the d.c. exciter’s two, 
the average current per brush arm will be considerably 
less thai^ two-thirds of that required to be collected 
from the commutator of the d.c. exciter. 

The Leblanc phase advancer may be regarded as an 
exciter m which the current slowly alternates and 
allows the motor to slip, while the power factor is kept 
near unity,*^ or leading, as desired. There is practically 
no difficulty in the commutation, owing to the fact 
that the current is alternating slowly. In the problem 
of the commutation of a d.c, generator we must 
provision for reversing the current under the brush 
in 1/1 000 second or less. It adds very little to fhe 
difficulty ^f the problem if the Current is alternating 
at one period per second.. The phase advancers which 
have so far been built commutate perfectly. 

^When advances are standfrdized and manufactured ’’ 
in numbers the price should be Very Httle more than 
the priSe of d.c. exciters, and can be partly, if not com¬ 


pletely, paid out of the saving in cost hf the mam motor. 
The real reason why ^a very large number of phase 
advancers have not been sold in this country is that, 
until recently, very few of the supply companies had 
made it worth while for the consumer to improve his 
power factor. Now that concessions on a reasonable 
scale are being given, consumers are looking around 
for the be.st apparatus for the purpose, r "Where the 
a.c. motors are small the most, convenient apparatus 
on the market is the static condenser. 

Many of those taking part in the discussion have 
testified to the efficiency of the static condenser -for 
this class of work. For big motors the Leblanc phase 
advancer contains less material for the sarF.e output 
than the Kapp vibrato:^, because it can be run at a 
higher average speed. Moreover, there is only one 
armature as compared with three armatures, and only 
one set of brushes per phase is required, instead of two 
sets. This reduces the brush losses. 

As between the phase advancer of the Scherbins t 5 rpe 
having no field magnet, and one of the t 3 ?pe described 
in the Journal, 1913, vol. 60, p. 329, h^^g a field 
system designed to giye an injected electromotive 
force of any required phase relation to the current, 
the latter type is much to be preferred in my opinion, 
for the following reasons. 

By giving the injected E.M.F. a slight component in 
the same direction as the E.M.F.,.generated in the rotor 
winding, the slip can be reduced instead of increased, 
as described on page 101 of the paper. The effect 
of this is to reduce the size of the phase advancer. Now 
suppose that the slip of the motor were opginally 1»6 
per cent, then, taking the figures from page^l01,ra 
Scherbins phase advancer in order to inject 260 kVA 
on the primary side would need to hav^ a capacity 
of 6*3 kVA if the slip were to be increased to 2*6 per 
cent. By using a properly designed field system the 
slip could be reduced to 0*76 per cent, sp that the 
kVA rating of the advancer would fall to about 2 • 6 kVA. 
Tins would mean a much cheaper machine and would 
give better speed regdlation on the induction motor. 
In the case of high-speed motors the advancers can 
conveniently be connected direct to the shaft. 

When the induction motor has a squirrel-cage rotor 
it ma9* in some cases be worth while to get the manu¬ 
facturer of the ‘motor to change the rotor to the slip-ring 
type having a winding suitable for the phase advancer. 

There being very little iron loss in the rotor of an 
induction motor the temperature-rise is frequently 
ve^ much smaller than that found in the stator. For 
this reason there is a tendency to reduce the amount 
of copper,used in the rotor, the slip being increased 
accordingly, . ^ . 

If we consider the capital cost of the extra copper 
required to give a low slip, we find that The interest 
on this and the depreciation amount to vwry mtich 
less than the cost of the power wasted. JEven if no 
advancer were used -a rotor should (from. t]je economic 
•'point of view) have about twice as much coppef as is 
ordinarily used by the manufacturer, as long as prices 
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of power and copper are as we find ihem at present. 
If t^XicQ as much copper were to be put into the rotor 
winding it could caij^r the magnetizing current with the 
greatest ease and thus relieve the stator, which is 
usually very tight in design because provision must be 
made for high insulation, and for the iron and copper 
losses. 

I do not agree with Mr. Ayres when he says : " It is 
not economical to correct power factor much beyond 
unity with phase advancers.'* The case .for the in¬ 
duction motor* fitted with phase advancer, and the 
synchronous induction motor fitted with exciter, are 
on exactly the same lines except that the heating for an 
average load is less in the case of «the machine with 
phase* advancer. It is mainly a question of whether 
we shall adopt a.c. or d.c. excitation. The a.c. excita¬ 
tion required the smaller cu^jrent at normal load. 

As to the economical limit of size of machines to 
which phase advancers can be* attached, my belief 
is that as soon as engineers awake t6 the true position,, 
phase advancers wiU be made and standardized, and 
though at first they may not be supplied to motors less 
than about 100 h.p., it will be found that their cost will 
be so much less^an that of static condensers doing the 
same work, that they will ultimately be used for smaller 
and still smaller motors until we have phase advancers 
of only a few watts' capacity. 

The advan-^ges of the static condenser for the over¬ 
excited induction motor, mentioned by Mr.. Dorey, 
disappear as soon as a.c. excitation is employed. 

In reply to Mr. H. D. ^Wilkinson, I beg to refer hirn 
to the following papers : 

The Improvement of Power Factor in Alternating 

Current Systems,” Journal 1908, vol. 42, 

p. 699. 

Design of Apparatus for the Improvement of 

Power Factor," ibid,, 1913. vol. 60, p. 329. 

* • * 

Many of those taking part in the discussion have 
spoken of the difiSLculty of explaining low power factor 
to their customers. If a charge were made on m^aximum 
kVA demand it wOuld be sufiScient to have an ammeter 
^d tq point out that the kVA is proportional to the 
reading. If the customer were allowed to watch this, 
he would soon understand how to operate his plant 
so. as to keep down the maximum demand. 

Mr. Edgcumbe's statement corroborates what is 
said in the-paper and also by a number of speakcits. 


viz. that a charge based upon maximum demand in 
kVA to pay for the capital expenditure, and another 
charge for kilowatt-hours supplied, constitute not only 
a simple but also probably as fair a method as any 
other. 

I am glad that Mr. Teago puts the matter in a very 
simple Ught* showing at once the relation between 
the various figures in the paper. 

Mr. Houghton's comment in extending the theory 
to a case where an instaiHation is already in being, is 
of great •interest. 

In reply to Professor Marchant, it is not possible 
to fix the limit of power of motors below which it is 
uneconomical to use a phase advancer. This is purely 
a question of standardization in manufacture. 

The figures that Dr. Wall gives, relating to the con¬ 
denser depending upon electro-chemical action, are 
of great interest, and it is hoped that this type of 
apparatus will soon be upon the market. 

In reply to Mr, K. C. Lamb I would say in the first 
place that a rebate of only 0*33 per cent tof each 
1 per cent power factor improvement is very small. 

I presume that it is because Manchester is so well 
off as to power, factor that it cannot afford a bigger 
rebate. Even with this small allowance it would be 
worth while for the consumer to install static con¬ 
densers costing, say, £600 per 100 kVA installed. To 
improve the power factor from 0*8 to 0*96 m the case 
quoted would require static condensers having an input 
of 420 kVA costing, say, £2 100. Taking the interest 
and depreciation at 10 per cent, this would cost, say, 
£210 per annum. The losses in the condensers would 
be about 2 kW, costing, say, £20: total, £230 per 
annum to be deducted from the £600 rebate. The 
cost of improving . the power, factor would depend 
upon the kind of load and the apparatus available. 

A very favourable case would be where the whole 
load consists of new induction motors to be installed. 

In this case the motors could be built with extra 
copper in the rotors at an extra cost of £30, and 
phase advancers of 2 kVA capacity could be provided. 
Suppose these cost £70 ; the total capital expenditure 
would then be £100 (say £10 per annum). The total 
losses in the induction motors and phase advancers 
when running at 0*96 power factor would be Jess 
than in ordinary motors running at 0*8 power factor. 
The saving would then be £600, less £10, or £490 
per annum. . 
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By Professor W. Cramp, D.Sc., Member. 

(Address delivered at Birmingham. 25th October, 1922. 


The story of man's work, individual or collective, is 
written not alone on parchment in ox gall and black 
ink, but on warmest human flesh in crimson blood. 
For eve^ result of human endeavour, be it an Empire, 
Institution, Industry or smallest touching poem, some 
human being or beings must, in part at least, have died. 
This is a universal law, not sufficiently recognized in 
these days ; that life, vigour, true vitality, can only be 
feansfused—not created. For the realization of an 
idea a man will die, will give his life—^give, I say, not 
sell. -Aifii this life, so given, will vitalize his idea, endow 
it also with the power of diving in exact proportion as 
the life was given without grudge or reluctance. There 
is no surer way of discovering to what purpose a rnarn 
lived than by the answer to the question : For what 
did he die ? There is no better gauge of the stability 
and vitality of an institution than the exact tally of 
human beings prepared to lay down their lives volun^ 
tartly for its sake. Note how important is the qualify¬ 
ing adverb! lustitutions may, in truth, be fed and 
maintained by wrongful human sacrifice, as much 
commercial enterprise has been, and doubtless again 
will be. Bv't life acquired in this way is temporary, 
galvanic, ^a mere Moloch life, and no true existence 
at all. To endow wotk, and the results of work, with 
true vitality we must give ourselves freely, without 
money and without price. This is the test of self- 
sacrifice, of real genuineness and sincerity. 

I. Of a Man. 

To the life and work of one who since the end of last 
session has left us, we need not fear to apply this test. 
But a few mouths ago he sat here in characteristic 
affitude with head bent forward, and keenest scrutin- 
izihg gaze; his piercing eyes half hid beneath the bushy 
overhanging brows. One look, one word, enough to 
tell us that here we have to do with a man, an indivi¬ 
duality with purposefulness and intention flashing 
fomudable from him. No mere commercial engineer 
this, we should say, with one eye upon his customer 
and the other on his pass book; but a forceful and 
re^lute real-presence, not afraid of declaring that 
which in the round soul of him he feels to be true. A 
rugged ^d even despotic temperament, impatient of 
tnflers, yet having withal that greatest of attributes, 
sincerity. 

He had his hobbies too, this genius I All the more 
man I t^k. Buying a house, adding a music 

room, li^ng in it fqr a space, and again moving to 
repeat ^ experimeni appeals to have been one of 
them.^ No house was a home to him without a m"Ssic 
r^m, it would seem. Since the inventiofi' of his 
vibrator, no public speech of his could avoid reference 


to that machine, it was said. Possibly*so ; but I will 
not believe that there was an ulterior and commercial 
motive in these references,—^not if he could not live 
without a music rOom. Stratagems and spoils, I think, 
are not compatible with a music room. 

He is gone from us. And so is Kelvin, and S. P. 
Thompson and John Hopkjnson. They ma.(±e a harmony 
in their time, this quartette I Kelvin in the highest 
soprano flights of physics, dipping ever and anon to 
indulge in the baezzo of engineering application. 
Thompson, the suave teacher and melodious alto of 
the group ; half physicist, half engineer. Hopkinson, 
with his strong consliuctive sense, making great engines 
possible by his grasp of the principles^pon which they 
depended, and Kapp, the engineer, to whom all pure 
physics was as nothing save in so far as it could be 
expressed in terms of veritable assemblies of finest 
materials made to serve the purposes of man. They 
have gone, I say, these four; but we ^ill hear their 
harmonies and may yet read their scores, wherein they 
have recorded so much of tlieir inner music as they 
could transmit to us their successors. 

In the writings of Kapp we shall, if wo search care¬ 
fully, find the real entity lying beliind liis cliaractyr, 
life and work, to which we may then apply our test 
of sacrifice. Wliat was it that as a man, •and a 
writer, he was concerned to do ? Did he feel that he 
had actually and veritably som^ message from the 
True and Eternal as yet unwritten ? ibt us admit 
that there is no difficulty in selecting from a man's 
writings how much he did because the soul in him was 
longing to express itself, and how mudi ?or the pub- 
l^her's fee. This I find not difficult, even in a case 
like that of Scott, where the true and the false are most 
closely intermingled. How much less in the case of 
Kapp, where true and false are almosh synonymous 
with new and old I Truly, when a man choose? the 
written word as his medium, he declares tlicreby openly 
to what extent he is a preacher, what gospel or good 
news he has in him burning to deliver itself, and 
which must get itself declared, be it at tlie cost of his 
very life. 

The good news which Kapp preached, as I read it 
from his writings, was in eflfect this: That electrical 
machines could be lifted from the region of the labora¬ 
tory ; could be designed on principles not very different 
from, and at least as certain as, those already current 
among mechanical engineers; that the farmulm of the 
physicist, enlightening as they were, •could not be left 
for the engineer in the form of a?, y, and z known or 
unknown: bpt that each S 3 niibol must to hirq stand 
for sornething of hardest fact, reducible to ternfe of the 
dimensions of the apparatus to be constructed. 
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In Captain Marryatt’s novel " Poor Jack,” there is 
a coaversation between one of his beloved tars ^ind 
a French sailor. " I asked him what he Sailed the 
mizzen-mast/' says the English boy, and he told me 
the mar-dartymarng. How is it possible to work a 
ship in such a lingo ? " Quite unpossible,*' says Ben. 

Much like this of the poor sailor must have been the 
attitude of Kapp—^himself no great mathematician— 
when he first tried to " work the ship ” from the lingo 
of the ph 3 rsicists. ** Quite unpossible ” he found it ; 
no ship could be worked in such a lingo. But that 
which was not “ unpossible " vras to interpret the said 
lingo in terms and language with which the engineer was 
already familiar. And this he set hiinself to do with 
intense and characteristic earnestness. Fully cognizant 
of the fact that all engineering is a matter of intelligent 
compromise, -we watch him^ tossing carelessly aside 
useless mathematical refinements, and seizing with un¬ 
canny certainty upon those essentials wliich lie at the 
very centre and heart ^f the matter. • All very well,*' 
he seems to say, **for Maxwell and his disciples to 
express the behaviour of a transformer in terms of 
L and M, but what in stem utilitarian practice must 
the values of L and M be, and how are these related 
to ^e actual nuihber of real cubic inches of metal from 
which the transformer must in fact be made ? ** These, 
and matters like these, were to Kapp the very essence 
of electrical engineering, and he set himself first to find 
.the essential Relationships, then to put them into 
practice, and finally, by teaching and writing—^what I 
have called preaching the gospel—to hand them on freely 
and ungrudgingly to whomsoever would listen. He 
crystallized diaphanous and filmy formulae into very 
visjble, tangible and robust machines, capable of trans¬ 
muting day and slight the power of many horses into 
the new manifestation known as electricity; and he 
showed others how to do the same. This, as I under¬ 
stand it, is engineering and the teaching of engineering. 
First and last he was, according to my notion, an 
engineer. 

Into the dissemination of this gospel Kapp put all 
^ life and Iffeart, working witliout stint early and late 
if so be he might predict more certainly the behaviour 
of a machine, or elucidate one point to an earnest 
student. To do this work he wore himself slowly out 
as the yeara went by, endowing thereby some of his 
students, his books and his inventions, with bia own 
life; in virtue of which that part of his work must an^ 
will continue to have vitality, vigour and real meaning, 
for us ^d for others long after us. He was, as I said, 
an engineer; more than that—a pioneer—one who, 
having with whatsoever difi&culty cut his little path 
through a thick jungle, did not hesitate to show it to 
others. 

That the University of Birmingham did not benefit 
by the best of him as teacher is certain enough; how 
could it, when he was already 63 years old before he 
entered upon* his career there ? But if any would 
know what he coifld appear to a student, let them read 
the words of B. A. Behrend in his work on the ** Induc¬ 
tion M(^or ** To my friend and teacher, Mr. Gisbert 
Kapp, * inscJibe this work,** he writes; and again, 
the following presentation by Mr. Gisbert Kapp . , . 
VOL. 61. 


is reprinted from Ids book . . . because it is the clearest 
and most concise logical evolution of the principles 
underlying the theory.** And ^et again, it will repay 
the student to go over Mr. Kapp's presentation of the 
subject . . . after having become thoroughly familiar 
with this extract from the work of a master of the art 
of exposition.** This is high praise from an old student. 
Would that all of us who are teachers or writers might 
deserve a like encomium. « 

His contributions to ttie Proceedings of the Institu¬ 
tion of Electrical Engineers were always highly valued,** 
says JS^. Weekes in the JBlBciyicdl Heview, True enough; 
and his presence among us as a member of this Centre 
was hignly valued also. We do not sit with engineer- 
pioneers and great teachers every day. Pioneering 
is apt in every direction to become more and more 
an exhausted occupation as the years proceed; the 
widening of the path, and the duty of making the 
crooked straight and the rough places plain, taking its 
place. This is the work for us—^the successors of Kapp 
and Ids like. Let us see to it that it be diftie with 
humility, honesty and sincerity, worthy of the best 
work of the pioneer. And as we do it let us thinir 
I sometimes of those who, with great labour and many 
heart-searchings, first trod tliat .way ; and let us remem¬ 
ber especially him who often met us here without 
egoism or formality, and to whom to-night we bid a 
formal adieu, standing for one moment in silence, to 
mark our respect for his work and his wortli. 

II. Of the Institution. 

The Institution has become the Chartered Institute, 
It has for the moment reached the goal of its ambition. 
All honour to those through whose self-sacrificing 
labours this result has been achieyed ! More still; the 
Institution has acldeved popularily with tlie profession ; 
has become indeed the nucleus and life centre thereof, 
insomuch that af&liation with it in some degree 
become a necessity, and membership of it a hall-mark. 
There are more than 10 000 members, and the net 
increase in this great number was for the year nearly 
9 per cent. 

.^1 this a very visible indication of life and pros¬ 
perity, which, with an income of more than £30 000 
per a nn um, has the ability to be a great power ^d 
influence in the world if administered with wisdom and 
judgment, and if continually vitalized by that personal 
sacrifice of which I have already spoken. But who¬ 
soever reads history will find that all great coUective 
endeavours, whether Empires, Industries or Institu¬ 
tions, do, at the very moment when they are greatest, 
and even because of that greatness, contain the gefm 
of the disease which ultimately leads to their deteriora¬ 
tion and d«jay. 

It behoves us, therefore, at this time specially, to 
search carefully the body politic of our Institution for* 
in^cations of the presence of any such undesirable 
microbe. Let us consider whetjier wisdom and judgment 
are being exercised in the admirngfratioif^of but affairs, 
and whether that life-stream £>f andividual sacrifice is 
beiftg poured unceasingly into the arteries of our under¬ 
taking, without which progress will cease and the body 
begin to waste. 
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We remark here ;fhiat Presidents and Councils, not 
less than Bings jand Cabinets, are no minall y ministers 
servants, that is—anQ should intrinsically be such, 
called and chosen on account of their wisdom, to express 
the .best thought and intention of tlie community, and 
to carry these into effect. If President and Council do 
the responsibility is general, and rests not upon 
the executive alone. It is for the electors to get the best 
and wisesl: elected in whatsoever way they can, and 
summarily to eject any whose service they discover to 
be disservice. Moreover, if any man seek ofQjpe openly 
or clandestinely, that man is, in my judgment, ipso 
facto unfit for office, as having no proper appreciation 
of the responsibilities whereunto he is called. Nomina¬ 
tion, voting, and the method of election, are therefore 
serious privileges, far too lightly esteemed among us. 
No pains are taken by our members generally, to select, 
npn^ate, anchelect liose to whom they wish to entrust 
their affairs, either in the local committees or in the 
general Council; nor when the time of voting arrives 
is the^ rjtum of voting papers at all representative. 
Too much trouble, it would seem, is involved in the 
thinking out of what we wish to get done, how it is to 
be earned out, and who are the best men among us to 
get it done. This is not the life-giving spirit of sacri¬ 
fice. This is the microbe of utter indifference, which 
has a hold ^eady in us as individual members, and 
through us is affecting the whole Institution. It is 
tlie mild form of a very insidious disease, apparent as 
one of the prevailing causes of the downfall of many 
institutions greater than ours. Its root and first mani¬ 
festation is in the individual member, and with him lies 
the cure. The Council may do—does in fact—much 
to stimulate interest in itself and its doings; but this 
^one will not suffice as a cure—it is only a tonic. It 
is a question of conscience for each member to see to 
it that he votes for no man of whom he knows notliing, 
or of whom it may be said that he acts specifically for 
some ''interest." 

That the spirit of life-giving sacrifice is alive in the 
Institution is, however, apparent from the Annual 
Report of the Council. Some twenty-five voluntary 
committees, holding nearly 400 meetings in the year, 
bear eloquent testimony to this; to say nothing of 
the forty bodies upon which nominees of the Institution 
serve. Here is time to the value of thousands of pounds 
per annum in hard cash given most willingly; and to 
this not mconsiderable amount much might be added 
of time given by referees and others in divers unnamed 
ways. 

Yet^hile thus joyfuUy admitting such good evidence 
of iife. It is still incumbent on us to ask to what purpose 
^s Hfe is directed, what motive Hes behind its manifes¬ 
tations, to be clear in our minds as to the jgoad we are 
choosmg and whither it leads. If we look back over 
the past twenty years, we^find a vast extension of the 
activities of the Institution. It is a matter of no small 
interest to con old numbers of the Journal, and remark 
how thi^ sTnd that professor was asked, from time to 
W to provide at the eleventh hour a paper or subject 
for discussion; failing which there would*have been 
no^ meeting at all. The Institution in those days en¬ 
couraged and recorded the knowledge of electrical 


engineering, and did little else. Its activities outside 
London were negligible. Now, like a huge Briaroais, it 
spreads ilS hundred arms all over the world, embracing 
all maimer of subjects, from wiring rules to German 
reparation payments. The growth has passed un¬ 
marked’, because so gradual. But while thus extending 
our activities, let us never forget the lofty objects for 
which the Institution was founded, lest we fall into the 
position of a mere trade-defence organization. There 
is need for this warning I Has the Institution any call 
to deal with German reparation payments, E.P.E.A., 
and such like semi-political trade-guild work ? Politics 
are no concern of ours, I tliink, and can only lead to 
^ffusion of energy better employed in other wajrs; it 
is but a small step from reparation payments to ques¬ 
tions of tariffs. Keep clear of politics, I say. Better, 
far better, to maintain and extend our •original and 
highly successful expansion, resulting in the system of 
Local Centres. Has *not the real growth and success 
of the Institution been due to this wise move more than 
to any other ? Listen to the bitter complaints of the 
pro\dncial members of the Institution of Mechanical 
Engmeers; and remark how they, as well as the Civil 
Engineers, are being obliged to follow our example in 
tMs matter. I can never sufficiently admire the fore¬ 
sight and genius of those who first established our 
Local Centres, 

If, however, in the matter of local devolution we have 
been able to set the fashion for othdt Institutions, 
there still remains the question of their kinship with 
us, which at the present time fills me with much mis¬ 
giving. Their number increa'ses alarmingly, and one*s 
list of subscriptions becomes a matter of importance. 

I Besides the three major Institutions, we have the Iron 
and Steel Institute, the Junior Engineers, the Society 
of Civil and Mechanical Engineers, the Associ^on of 
Mining Electrical Engineers, the Faraday Sodiety, the 
Electrochemical Society, and I know not how many 
others. Each has its own office and staff, its own 
Journal ^d meetings and subscription. Curious, too, 
how a^ given subject will go the round of them witli 
repetition of discussion ad nauseam, anfl monstrous 
accumulation of redundant printing. Clearly the matter 
cannot be left where it is; co-operation or affiliation 
must be compassed in some manner, or we shall be 
crushed xmder the mass of printed stuff waiting to be 
read. 

<fBut how to do it ? That is tlie question. The 
Institution of Civil Engineers has called a conference 
on the subject and is apparently in labour. Will it 
bring forth an 3 rthing ? If not, the Insti^tion of 
Electrical Engineers should and must take it up, as 
being concerned in the matter more vitally than any 
other. But we. know the difficulties. Three great 
Institutions, each with its own palace, and all within 
one square mile I Bid man ewer hear the like of it ? 
More than half a million sterhng spent by engineers 
on three piles of bricks and mortar in the neighbour¬ 
hood of Westminster, and nothing-^not so much as 
would shelter three blind mice—^provided in Manchester, 
or Liverpool, or L^ds, or Sheffield, or BiAningham, or 
Bristol, or Glasgow, or an 3 rwhere where ^nginaSrs live 
and move and do verily make engines 1 All the accom- 
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modation put neax Westminster, where some plans are 
rnde^d ^de, but virtually no engineering is hctuaUy 
1 l^bree palacra, I say, three librjuies, Sontaining 

argely the same books, and tliree secretariats with all 
then- appurtenances and vested interests! Wliich is 
gomg to give way ? I confess that I have no panacea 
to offer as an instantaneous cure for these evils. Nay, 
more; to put forward cures is not really my business! 
It IS my business to do what in me lies to get intrinsic 
WMdom on to the Council by means of my vote, and 
tJien from time to time, as now, to point out such 
defects as appear to me to await the attention of intrinsic 


by a ju^cious arrangement with one of the other great 
Institutions, increasing thereby the present wretched 
load factor on their buildings, fhere might have existed 
by now at least an Institution library and reading- 
room in every important centre in the Kingdom. 
What a spread of fellowship would this have produced 
among us ; what opportunities for intercourse, exchange 
of ideas and for reading! Contrast it, if you have 
imagination enough, with London and its 'maximum 
of 1 661 attendances in tfie library per annum, 6 per 
day! There would have been nothing like it in the 
world! 


<^omparison of three Institutions, 1921. 


Civils 

Mechanicals 

Electricals 

Total 

Capital expended on land and bmldings in London 

£ 

352 000 

£ 

100 800 

£ • 

73 000 

£ 

625 800 

Annual subscriptions 

24 100 

22 260 

. 28 360 

• 

74 720 

Approximate Annual Costs of London Buildings. 


Civils 

Mechanicals 

Electricals 

Total 

H.ents, rates and establishment charges . • 

Interest on mortgages and loans .. 

Interest on balance of Capital at 6 per‘cent less rente 
received .. 

* • * • • • •. • • 

£ 

11 300 

1 044 

15 900 

£ 

5 300 
1361 

3 680 

£ 

5 600 
1243 

1900 

£ 

22 200 

3 648 

• 21480 

Total . 

• • 

£28 244 

£10 341 

£8>743 

£47 328 

Interesting Annual Items. 


Civils 

Mechanicals 

Electricals 

Total 

Salaries and wages, 1921 

Salaries and wages, 1914 .. 

Local Centres .. 

Research . ’ ] ] ’ 

——- - - 

£ 

11 000 

7 650 

940 

£ 

9 450 

4 200 

390 

790 

£ 

9 400 

3 330 

2 370 

218 

£ 

29 850 

15 180 

3 700^ 

1 008 


wisdom. Yet lest my comments should appear to 
merely des^ctive, I will presently put forward w 
great subm^on five suggestions as a basis for i 
better ad m inistration of our affairs. 

Iff tte meantime, let us lay this to heart, name 
that if we had known our business the situation 1: 
never been so bad as is. We were the last to t 
a building, and with us also lies the responsibility 
the existence of at least tliree of the societies tliai 
have named. IJpr consider what might have be 

I-ondon pala 

In 1913, Manchester engineers equipped a whole cl 
for £2ri)00, pa 3 dng an annual rental of £600 If 
London we had been content to limit our expenditi 


Such a combination of interests might have led, 
nay might still lead, to otlier advantages, of* which 
not the least would be the reduction of our anrfual 
charges. Our subscriptions amount to £28 000, of 
wliich £11#000 is spent upon management. Now to 
light, heat, and pay the ground rent, rates aSid taxes, 
on our London building costs £7 000 per annum, o» 
a quarter of all our subscriptions, without including 
interest on mortgages and pn the capital sum in¬ 
vested. If we add these amoujjts and all!bi;f for the 
rents received we find that to,miintaia our dignity and 
pi^tige we are content to pay not less than :M.8 000 
every year. Our idea of the value of the papers ^we 
receive as shown by the premiums awarded is £208, 
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and our contributions to research amount to £218 I 
Does this indeed, represent the relative importance of 
these items ? And are fiot our colleagues of the other 
Institutions in a worse case ? Look at the table which 
I. have given on page 139, and see whether such a 
scheme of co-operation as I have suggested ought 
to be regarded as impossible; ought not rather to be 
regarded as the one thing necessary, and therefore most 
possible and urgent; the only w-ay, in fact, to achieve 
further territorial expansion, "and adequately to develop 
the Students' Sections. r 

I will not harrow you by attempting a picture of 
what might have been had the Civil Engineers not 
been so very uncivil to George Stephenson, nor describe 
the Great Institution of Engineers that then had been 
possible. I will not suggest the multifarious activities 
in which our own Institution might more profitably 
be engaged; not at least until some of those 26 com¬ 
mittees have got their work finished and themselves 
disbanded. I desire to simplify the issues rather than 
to ma^e'^them more complex. There are indeed many 
suggestions that I might-make, but we have reached 
our conclusions and must conclude. 

Here then led me refer to the table containing some 
comparative data of the three greater Engineering 
Institutions from which my statements may be checked, 
wherefrom also some grain of comfort is pl ainl y derivable. 
For while our capital commitments are seen therein 
to be the smallest, our income from subscriptions is 
also seen to be the largest; and while our contributions 


to local Centres are indeed nothing to boast of, they 
do amount to nearly twice those of our two sisters 
taken together.. These are signs q| grace upon which 
we are entitled to look hopefully. But far better were 
it to ignore them altogether than to blind our eyes to 
the microbes of the diseases which I have diagnosed 
as existing in our S 3 rstem, and for whose extermination 
I have now the temerity to put forward the following 
prescription:— 

(1) Whole-hearted devotion on the part of the rank 
and file to the objects for wliich the Institution was 
established; more interest in the discussions, and in 
the selection and election of representatives on the 
Committees and <?ouncil. It would be well if all would 
read over the objects, as stated in the Memorandum 
of Association, at least once a session. 

(2) The elimination froin our activities of any concern 
with political or semi-political movements, industrial 
relationships, or trade-guild propaganda. 

(3) The encouragement and eiCtension of the Local 
Centres, and a more generous treatment of these 
financially. In particular, the reduction of expenses 
in London in so far as that is practicable, and the 
establishment of Institution accommodation and libraries 
in the provinces. 

(4) Encouragement and more generous treatment of 
the Students' Sections. 

(6) Co-operation and, if possible, fusion with other 
Engineering Institutions, uftimately to form one great 
English-speaking Institution of Engineers. 
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By E. C. Handcock, Member. 

(Address delivered at Dublin, October, 1022.^ 


The subject of my Address is : A Consideration of 
the Present and Immediate Future of the Irish Centre 
of the Institution and of the Electrictl Industry of Our 
Coundry.'* 

I propose first to touch briefly on two developments 
of engineerihg interest whinh have crystallized since 
our last session, and which may, I hope, be described 
as being on the border of fact, namely, the advent of 
two much-talked-of ^ater-power schema and wireless 
broadcasting; and then to consider some questions 
intimately affecting this Centre, and finally the possi¬ 
bilities of an electrical manufacturing industry in our 
country. 

River Bann Scheme, 

Ihe River Bann will, from present appearances, 
be the first of^our Irish rivei*s to be harnessed on a sub¬ 
stantial scale for the generation of electricity. A strong 
Sjmdicate has this electrification in hand, and hopes to 
pt a Bill through the Pjurliament of Northern Ireland 
in the immediate future. We can be certain that, as 
soon as the legal path is cleared, no time will be lost in 
converting ^s hydraulic energy for the service of the 
factories, villages and towns along the banks of the 
Bann.* 

River Liffey Scheme. 

The harnessing of the Liffey for electric power supply 
has been a subject of much discussion. This .Centre 
and other ^engineering sodeties have discussed its 
possibilities. It is well known that they have been 
actively mvestigated for some time past, and we are 
now awaiting the final recommendations. 

Assuming these recommendations to be favourable, it 
is to be hoped that the dedsions covering the method of 
finahce and control will be taken and published without 
delay. These decisions will be very important, as thtey 
will form a precedent for other schemes. Seeing that 
the water power is a national resource, I hope that national 
money resources will, at least to some extent, be applied 
to its development, giving the principal consumers (in 
this particular case Dublin Corporation would of course 
be the largest) an important voice in the control 
It is reasonable to assume that in some 12 to 16 years, 
after a considerable p&rtion of the capital has been 
repaid, this scheme could prove a valuable source of 
revenue to tlte nation, 

1 can imagine The control board of this scheme being 
of further s^wice by forming a common centre where 
the digef^t^electridty supply authorities in the Dublin 
area might meet and agree to mutually advantageous 
arrangements for the distribution of electrical power. 


Wireless. 

Wireless application is at present being hampered 
by restrictions foreign to its technical side, but it is 
developing and increasing in vitality out of sight, 
so that immediately these restrictions are withdrawn 
it *mll spring up with just so much the greater vigour. 
This latest branch of our profession is* one that will 
appeal more perfectly to the community than perhaps 
any other section of electrical work. It brings Tgith it not 
only a young and enthusiastic set of men in its service, 
but also a vast number of the public, anxious to Imow 
something of the use of this truly uncanny development. 
It may be mentioned that the Wireless Exhibition held 
in London at the beginning of this month was visited 
by over 26 000 people. 

It largely rests witii us as to whether we retain a 
directing control in the formation of the technical rules 
and regulations in connection with wireless services. 
To do this we must actively interest ourselves in this 
new science, co-operate with those specializing in it, help 
them from our wider experience in electrical matters, 
and especially give these young men ^facilities for 
meetings and papers on their own subject. 

I now come to a matter of the utmost importance: 
How are the recent changes of Government in Ireland 
going to affect this Centre and our profession ? In 
the foUowing remarks it should be clearly understood 
that I am referring to the Irish Free State only, and that 
any suggestions or opinions put forward are of course 
purely personal. 

To try to outline the effect of the change of Govern¬ 
ment, tile steps to be taken in the immediate future, 
and tlie general tendency along which this Centre should 
travel, will necessitate going over matters already vfell- 
known to all. It is, however, desirable to re-state our 
position. 

The Institution, 

The Institution of Electrical Engineers is rightly 
called the mother of electrical engineering societies. 
We belong to the youngest of the professions. Neverfiie- 
less, the membership of the Institution is well ovot 
10 000- The standing of its members is acknowledged 
in every part of the world to be of the highest. This 
is of ^ceeding personal importance to ajl of us, as wS 
electrical engineers in Ireland, as elsewhere, are liable 
to go abroad. 

The record of our Institutionj»is practically that of 
el^tricity. Ireland has given tit many of its most 
pAminenf men, from Lord Kelvin to that of our 
present iPresident (Mr. F, Gill) who is not only a Dublin 
man but also one of the original members of this Centre. 
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The Standard Rules 'accepted throughout our country 
for electrical work are t^ose of this Institution. The 
development of our profession is so rapid, and improve¬ 
ments take place so quickl}^ that the Institution has 
had to form many standing Committees for the effective 
control of these developments. Their results and 
records will be of inestimable value to us. 


other hand, once we knew their exact requirements we 
could lay ourselves out to give them perhaps sometfiing 
better in the way of electrical apparatus than they 
have at present. Contact is, however^ necessary. 


Irish Centre. 

The Irish Centre consists, for all practical purposes, 
of the electrical engineers of experience and Authority 
in Ireland. It comprises electrical engineers of all 
branches of electrical work except one (at least as far 
as the Irish Free State is concerned), and that one is 
the industrial or manufacturing side. Our number is 
small, being 148 for the whole of Ireland, but I venture 
to say that no similar number of men in Ireland have 
the control of‘•such power, literally and figuratively 
hands. The community rely on this small 
body of men for its supply of electricity for lighting 
industnal power, tramways, telephones, telegraphs! 
raihvay signallmg, etc.; in'-fact there is not a profesLn 
or trade that is not in a major or minor degree applying 
electncity to its service. y & 

** ^ community that 

ViO have a due sense of oiu: responsibility. 

There are one or two points that it is desirable to 
touch on for the welfare of this Centre. The first is 

^ question of a home and an address. At we 

ha\e no home. I should be satisfied if we had one 
room of any kind for the housing of our library, and I 

tZTS ^ oppres¬ 

sions, those possessions would grow. Havine a ronm 

up-to-date reference library. ® ® 

and^tadtents importance to our Graduates 

and Students. We are anxious to increase the number 
of these and they would feel more at 

from restraint when meeting in a rnr,™ • x 

the Institution. g m a room belonging to 

™ ought to oudomuud 

Association. ” ^ ^ ^ examinations of his 

AslSltS ^ ^ regard to 

th.puM5thut2t^ut°s*'L”iss rs* 

for, and open to all x * created 

admission would conduce professions whose 

tion. I 'cannot hTSi^r® 


Effect of Change of Government. 

Having dealt with these minor but important matters 
I come to the broad question as to how tlie change of 
Government is going to affect tliis Centre and our pro¬ 
fession as a whole. '' 

To begin with, it is necessary to realize clearly tliat 
we are, and shall be for some time, carrying on with 
electrical rules, regulations and laws more or less in a 
state of suspense. This means, as I see it, tliat our 
existing rules are replaced by blank sheets of paper. 
Inter alui I would remark that in the p^t we have 
accepted all these various rules, regulations and laws 
controlling our profession, wliich others liave provided 
for us, without, I fear, any appreciation of the labour 
and trouble that the compilation of these has meant. 

Now, bluntly, the question is whetlier we are going 
to help to rewrite those blank pages. There are two 
paths open to the Irish Centre:— 

One, that of apathy, allowing others to accept the 
responsibility. If we remain apathetic, can we expect to 
be taken senously if we protest against any technical 
rules or regulations of wliich we disapprove ? 

The second, and to me the only possible path, will bo to 
accept manfuhy oiir responsibility and, furtlier, to make 
It cle^ to all Mncemed that our members interested 
cannot reasonably be expected to carry out and be 
responable for the application of teclinical rules and 
regi^tions governing oqr profession unless the Irith 
Centre has a voice in their framing 

before^t we had a sense of ^eSponsi- 
Jirl ^ co^imity, but at the same time we are 
aware of our value as well as our duty. . 

Responsibility reflects responsibility. Accordingly 
ttose actmg for the community wiU no doubt reahJe 

Srad^tr^J^'^f ^ P^^ofession and appreciate 

T ^ the Irisli Centro 

omis Institution to co-operate witli in the re-affirming 
revi^g, or recasting of our highly technical rules and 

SSLlal ^ requirements. My remarks are purely 
^ hesitation in aflirming toat if 

wnrt “ authority to do this 

tills duty. 

It wril be absolutely necessary for us to rise to thiq 

in mSc£?ii« f ’^®tak®s “ad® by other countries 
m makmg the framework of their rules too rigid Tlio 

to toT? adjustfble from 

standJdiSiV° regulation and 

““fanon. In this connection f would point out 
one very important point where the futuretwiU be ve?v 
^fier^t from the past, and the sooner it Srpprf^S 

tJb?h>:?Tto*"®r^®^ ^®g^^tio?sTrha:^ 

P tp. For instance, there will be no 
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more self-constituted electric supply authorities without 
authority. 

change of Government is, in my opinion, going 
to be beneficial to this Centre in the ratio that we 
accept responsibility, and work, and use our influence 
for the good of our profession and the community. 

Before leaving this subject, and in the hope that these 
few words may reach the proper quarter, I repeat the 
great desirability, nay necessity, for a definite under¬ 
standing between this Centre and the Government 
Department responsible for the making of technical 
regulations governing the generation and supply of 
electridty, or in connection with electrical apparatus. 

JElectrical Manufacxoring in Ireland. 

The other question with which I wish to deal to-night 
IS one on which I feel strongly. It is that of the possi¬ 
bility of electrical manufecture in the Irish Free State. 
After writing that last sentence f sat and looked at its 
grrtesqueuess. A country with million inhabitants, 
^ttmg up its own Government with an Army and other 
Gover^ent Departments, and yet I have to write 
possibihty of manufacturing " in regard to the most 
neceMary and vital, most progressive and most rapidly 
developing of all mdustries. Yet it is perfectly true; 
for, with the possible exception of one small company 

I taow of nobody attempting electrical manufacture in 
this country. 

, This is a &ost unhealthy state of affairs, not only 
for our profession but also for tlie country. It is an 
explanation of tte meagrraiess of our mranbership as a 

What IS the reason for this state of affairs ? I have 
ojtm asked this question but have never got a satis- 
reply, s® I am quite certain that I shall not 
satis^ you by a definite statement. 

I shaO, however, treat it indirectly by asking if we 
dectocal en^eers Jiave used our influence to create 
^ electncal industry. We, who are familiar with elec¬ 
trical apparatus and know that it is not so difficult to 
manufacture or so mysterious as the pubhc may think 
tove we endeavoured to interest capital ? Or have we 
taken up the attitude that it is impossible to maVA 
au 3 dhing in Ireland ? 


I definitely maintain that thosp of us who are in a 
position to influence the investing pf capital in our 
profession should do so, in* addition to giving all 
possible support to a home industry, contingent on 
that industry showing that it is seriously endeavouring 
not to obtain a high price for an inferior article. 
It is regrettable that many people have taken up the 
attitude that we are unable to manufacture. The very 
firat thing necessary is to get rid of. that frame of 
mmd. It does not matt& how small the iticle is to 
start with, but let people get interested in production 
and the good work would go on. 

Another frequent answer is that thwe is not the 
demand in this country. There is not, of course the 
demand for the production of turbo-alternators and 
large machines, but there are some 3J- millions of people 
in tile Irish Kree State, and if the home market alone 
cannot support a reasonably good electrical manufactur¬ 
ing industry, then this is only due to some artificial 
cause which must be got rid of. But there is no sucli 
reason. 

Let us take some other JEuropean countries. The 
population of Denmark is 2f millions, Norway 2J, 
Switzerland 3J, and, as is well known, those Countries 
manufacture electrical apparatus extensively, not only 
for their own purposes but actually to export a consider¬ 
able quantity. 

Canada is in a very similar condition to ours, in 
that she is next door to a country with immense pro¬ 
duction facilities, a country continually looking out for 
markets for her products. In 1904 the population of 
Canada was 6^ millions, I take that date, partly because 
her population was much smaller than a^ present, and 
partly because I had an opportunity to see some of 
her electrical facilities. 

At that time the Canadian Genei*al Electric Company 
had a factory occupying 40 acres, where they turned 
out practically everything electrical. The Canadian 
Westinghouse Company had a similar organization, 
and in addition there were numerous small factories, 
all forming a young and vitally alive industry. 

The High Commissioner for the Commonwealth of 
Australia has Idndly sent me the following particulars 
of what is being done there. 


Number of Manufacturers of Electrical Apparatus. 


New South Wales 


South Australia 


Western 

Australia 


Queensland 


Population (1911) 

Motors 

Starters 

Switchboards 

Switchgear 

Transformers 

Travelling d*anes 

Instruments * 

Machinery ... 

Fittings 


408 000 
I 

1 


282 000 
2 



1 660 000 
12 
8 
17 

7 
3 

3 

8 

4 
14 


1 316 000 
18 
8 
15 
3 

10 

1 

7 

6 

13 
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These figures taken in proportion to the population 
show what can be done. Compare them with the 
Irish Free State* . 

The change of Government is going to give a strong 
inducement that was previously absent. Gk>vemment 
Departments are now in a position to place contracts 
at home for quantities which will ensure a manufacturer 
having a reasonable and continuous output from the 
start. This will enable him to produce at reasonable 
prices whilst developing his ^business along the usual 
trade channels. 

Without such contracts it is difficult to face competition 
with manufacturers already established and holding 
such contracts from their own Giovemments, 

When speaking of electrical manufacturing it should 
not be overlooked that it is in a very large degree 
mechanical work, and work that a number of our well- 
equipped mech^cal workshops in Dublin could under- 
taSke if they would only look into it and add an electrical 
engineer to their staff to ensure that the design and 
finished 4 )roduct were in accordance with electrical 
requirements. 

Patents. 

The question of patents is a delicate one. It 
will, however, be disappointing if the practice of 
other countries is not followed in making it necessary 
for patentees to manufacture in our country in order to 
retain their privileges. In this connection it might be 
worth while putting forward a suggestion as to the 
possibility of eventually establishing a permanent 
Inventions Bureau following the practice of Great Britain 
during the European War, 

Research. 

This automatically ‘brings me to the question of 
research work. Important developments are some¬ 
times the result of a " brain wave but more 
generally are the cumulative effect of patient research 
work. Research work costs money, and the only 
method by which it can be undertaken is by Govern¬ 
ment aid, or where huge trusts or combines are in such 
a strong financial position that they can put on one 
side an allowance for this work. Having no electrical 
manufacturers, much less combines, the only alternative 
is Government aid. 

Dr. Eyre, Director of the Linen Research Institute 
installed outside Belfast, has kindly sent me particulars 
of this Institute and its method of support. 

It fits into the comprehensive scheme that each 
industry is made responsible for its own research work. 
Th^i different companies subscribe annually an amount 
corresponding to their capital. For example, in the 
linen industry a company with a capital £17 000 
subscribes £10; from £17 000 to £26 000 the subscrip¬ 
tion is £15, and so on, the Government voting a grant 
whidi is allocated pro rata* on the amount contributed 
by the industry. This is an admirable scheme but 
impracti<?al>le for us. I wbuld suggest that there should 
be a laboratory capabfb of research work at each of our 
electrical engineering tecfinical colleges. Fujrther, that 
one of the staff in each college should be appointed on 
accSbunt of his outstanding merit on research work. 


The results of such work should be given to our own 
manufacturers in the first instance. MTb,ere rsuch 
results wd'e patentable the resulting fees (due allowances 
being made to the inventor) should in due time help 
to support this work. 

What I call '' educational engineers ** might be 
termed " manufacturers from one point of view, 
in that they are taking raw material (our young 
manhood), representing the most vital part of the 
capital of the country, increasing its value by a tech¬ 
nical training, and then exporting it abroad, for the 
simple reason that we have no electrical industry to 
absorb our young electrical engineers. 

Technical Education. 

The apparent situation is that tens of thousands of 
pounds of national money is annually expended in our 
technical colleges, covering the first definite step in 
the education of our’young electrical engineers, and 
for the second and nationally more important step of 
consolidating their college training in a manufacturing 
works neither national nor private capital has expended 
a penny. This second step is nationally more im¬ 
portant, as in order to get this experience these young 
men leave the country and seldom return. If one- 
tenth of this money had been available for commerical 
enterprise it would not be a case of writing as to 
the possibihty of an electrical industry. 

Do not think that I would wish to suggest the reduc¬ 
tion of the grants for technical education. The remedy 
does not lie in this, but in creating and developing 
work at home so that those "young men can make a 
livelihood and devote their energies to their profession 
without going abroad, and I hope that in the near futijfo 
this will be possible. 

The term '' educational engineershas beep, used 
in order to get away from the more academical term of 
''professor.'* Our educational engineei*s should not 
have the idea that they axe simply responsible for getting 
into the heads of their students sufficient knowledge of 
a technical nature to enable a reasonable percentage 
of them to pass their final examination^. Those in 
charge of our colleges should remember that they are 
part of the electrical industry of this country and that 
they are in their positions for the sole purpose of further¬ 
ing the interests of this industry as a whole. It is true 
that their primary concern is to educate our young 
m^hood, but it is also important for them to keep 
contact with the operating side of their profession, 
placing themselves and their laboratories at the service 
of the industry. This would automatically mean that 
they could place their students along lines of maximum 
efficiency. 

This Centre is common ground for all the branches 
of our profession. It would be gratifying to see it 
made use of by the interested rparties for the purpose 
of bringing about a research arrangement as outlined 
above, and for bringing our technical colleges into more 
intimate relation with our electrical industries in the 
future. 

We are a relatively small community," and are at 
a most critical period in our economic Qevelopment. 
We are starting peculiarly free from precedent vested 
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rights. This is a combination that, given team work, 
mak^ for efficiency. In the past we have allowed our 
individuality to overrun our team work. Hence our 
more or less watertight compartments. 


Co-operation. 

It is most desirable that everybody interested in 
electricity, whether he be an electrical engineer, a 
member of the Government, or a shareholder in a 
village electric,lighting company, should co-operate 
through his respective association or institution so that 
electrical engineering, acting as a living whole, may 
most efficiently play the part in buildijg up our country 
thatithasin others. This part is of the greatest national 


iinpo^ce, entering into the h^th and well-being 
industrial and physical, of the community as a whole 
If nay remarks to-night have had any‘effect in bringing 
home to this Centre our responsibiHties in the immediate 
foture, I shall be satisfied. At the same time I sincerely 
tost ^t some of the suggestions put forward will 
be such as to stimulate thought. 

^ ccmclusion, I hope that the vigour of this Centre, 
which has steadily increased under the enagetic and 
capable direction of our last three Chairmen, Messrs. 
R. Tanh^. A. G. Bruty, and R. N. Eaton, will be 
i^e full use of for the control, developm^it and 
effici^cy of that most vital, rapidly growing, and 
imporl^t profession to our country, the profession 
01 electrical engineering. 


NORTH-WESTERN CENTRE: CHAIRMAN’S ADDRESS 

By A. S. Barnard, Member. 


(Address delivered at Manch 

I should first like to draw attention to the step +qken 
last year, largely on the* initiative of our new Hon. 
Secretary, Mr. A. B. Mallinson, and Mr. W. A. Coates 
in;jhe inauguration of Informal Meetings. From these 
meetings the reporter is rigorously excluded, and, 
judging by the success attained last year. I ttiiny we 
may look forward to their proving a most useful and 
interesting feature of the present session. 

The range of acti-wties covered by our membership 
IS now so extraordinarily diverse that there are a host 
of comparatively small matters—which might be called 
side-lines of flectrical engineering—which are of interest 
to inembers. but which very possibly do not warrant 
the devotion of a whole evening’s debate to the one 
subject. The informal meeting affords an opportunity 
for arranging short discussions to deal briefly with 
two or three such subjects at one meeting. 

When it is remembered that electrical engineering in 
ite widest sense has now a foothold in almost ev©^ 
human activity, it becomes obvious that, important 
as are the questions of cheap generation and distribution 
of ^ectric ty, these are not the only matters which the 
totitution must consider, or in which alone it will 
be looked to by its members for guidance. For fiYampi .. 
m the electrical equipment of ships, or of railway 
rolhng stock ; the use ‘of electricity in surgery and 
therapeutic; electricity in mining, agriculture, textile 
or chei^ical industries; and wireless telegraphy 

tony members of the 
Institution who are interested and who could interest 
us in lice and similar applications o^electrical engineer- 
1 shouliflike to see some of our informal meetings 
devoted to discussions not only on theory and design, 
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but also on a working experience in many of the 
lesser side-lines of electrical engineering. 

I propose to deal very briefly with sqme of fhaap 
mmor subjects which I have described as side-lines. 

>^y is it that we stiU have,gas-lighted passenger 
trams in Great Britain ? Have we as an Institution 
ever taken any steps to develop the use of electricity 
m this direction ? Surely there have been sufficient 
example of the danger to life from gas-lighted coaches 
to afford us a text for a strenuous campaign in favour 
of the only safe illuminant. Train lighting by electricity 
remains, however, a comparative side-line in the hands 
of a few, and, so far as I am aware, it is not even 
necessarily installed in the new rolling stock built 
to-day. The obvious advantage of being able to light 
up a train as it enters a tunnel is so frequently exemplified 
in the police courts that one wonders why it is not 
made compulsory. 

The subjects of wiring for power in works and factories, 
and the kindred one of domestic electric lighting, must 
receive attention at the hands of the Institutioif if we 
are really concerned in the development of the industry 
on the right lines. The final authority in these matters 
is the consumer who pays the bill. If wiring is made 
too expensive by elaborate specifications and regulations, 
less wiring will be done, for the consumer will object* 
to the cost. If on the other iiand we tolerate inefficient 
and shoddy wiring, there wiU be little use in building 
super-power stations and ofienng cheap erfirtfat to a 
man who experiences trouble gnd expense through tlie 
inefficiency • of the installation on his own pretnises. 
The wiring contractors are probably in more direct 
touch with the consumer than any other members of 
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the electrical indugfry, and for that reason, if for no 
omer, they have a big responsibility in the matter of 
winng practice. The}^ will help themselves and the 
whole industry if they will discuss their difaculties and 
troubks with the Institution as freely as do plant 
manufacturers and central station engineers. 

TMs session will, I hope, see some attention paid to 
the important work that is being done by the electrical 
engineer in the collieries. My earhest experience of 
electrical work was gained'in the collieries of South 
wales, and I still remember the joy of switching on new 
hghte underground, or starting up a motor-driven pump 
by the hght of a Davy lamp. I am afraid that the 
i^unity from electrical disaster of those early installa¬ 
tions must be ascribed to something else than the 
excellence of the work which we carried out, or of the 
machinery we installed, for I liave recollections of old 
Gra^e machines with open {and by no means spark¬ 
les) commutators, and cables, switches and accessories 
tnat would prove an endless source of worry to the 
present-<aay mining engineer. Electricity in mines has 
now gone far beyond the experimental stage, but I 
am sure that there are yet many problems of great 
interest which could with advantage be discussed by 
this Institution—problems ranging from the heavy 
engineering of haulage and winding to the relatively 
small but important question of the design of a miner's 
portable lamp. 

Electricity in agriculture is a side-line which perhaps 
^y not be expected to be of particular interest to 
this Centre, though it is conceivable that if we devoted 
more attention to the subject of smoke abatement we 
mght deve^jp a more personal interest in this very 
fMcmating application of electricity. As things are 
the smoke-clouds of Manchester and the neighbouring 
towns are responsible for a tremendous waste of energy 
on the part of farmere and gardeners who plant hope- 
fully, and reap occasionally. When we reach the All- 
Electric Age, and when open domestic fireplaces and 
smoke-making locomotives are things of the past, we 
may hope for a great improvement in agriculture. 

There is one branch of agriculture largely practised 
in our area which seems to me to offer a promising 
field for research. If we could devise an electrical treat¬ 
ment of seed-potatoes that would render the crop 
i^une from wart disease, we should confer an immense 
boon on the potato growers of Lancashire, and earn 
the gratitude of ttous^ds of allotahent holders. You 
may say that this is not electrical engineering, but I 
claim that it is a proper matter for consideration by 
etecwcal engineers, and I need only point to the results 
obtained^ in Herefordshire through interesting the 
farmers in electricity, to show what a bearing these 
side-hnM can have on the larger probleips of public 
electacity supply. 

^ We in this country are too prone to leave it to others 
to show us what can be done. We established electricity 
supply stations to supply electric Ught. The supply 
of curreniffor power^urposes was an experiment, and 
m the view of very^m^any people, not too hopeful a 
.oue. c Electric trams were said to be working successfully 
'1 America, and gradually we learned to tolerate the 
verhead trolley wires in our cities. Are we to wait 


the whole of the American railways are electrified 
before we really tackle the problem of main-line electrifi- 

cation mGreat Britain ? We know that the electrification 

of the railways will benefit the nation; we know that 
soonm or later it will be carried out; surely, therefore 
we should educate public opinion in the matter and 
make the advantages so clear to the ordinary traveller 
by train that he will insist on the electrification of 
railTOys. I think there can be no doubt that the 
ma^r would advance more rapidly if the electrical 
en^eers of this country would make a decided and 
authoritative pronouncement as to what should be the 
system to be adopted ultimately throughout the main 
railways. I think also that 
the Electncal Development Association might usefully 
devote some of its energy and resources to cultivating 
pubhc opimon and creatog a more insistent demand 
for this reform. 

Legitimate advertising and publicity are forces which 
we can no longerrignore, and the work of the Electrical 
Development Association is a side-line which wiU 
reqmre more and more attention at the hands of the 
Institution. 

I look upon the storage-battery industry in which 
I spend my time as being another of these side-lines. 
There was a. time when the central station for the supply 
of electricity in a town consisted of one, two or three 
direct-current generators, driven by vertical steam 
engmes, usually of the high-speed. sin|ie-acting type.. 
In those days the storage battery was an essential 
part of the scheme, making for economy by enabling 
^e rmiMg plant to be shut down for several hours 
m the night, and even over the whole of the week-end 
These early installations have been scrapped or super¬ 
seded as the groii^ of the industry called for l^er 
and more economical generating stations, andr as the 
tobo-alt^ator was developed to meet thalT demand. 
In many instances, however, the original direct-current 
station has left a legacy in the fcum of a direct-current 
network of mains, to which are connected large numbers 
of consuming devices and installations designed for 
direct current alone. It happens, therefore that in 
many of our larger cities the densely loaded d.c. network 
™ heart of the important business area 
whilst the outer manufacturing or residential areas 
me supplied by a.c. distributing mains. This, of couise, 
leads to some complications and a measure of inefficiency, 
pid the question arises as to whether there is any 
justification for the survival of these large d.c. networks. 
My own opinion is that a plebiscite of consumers would 
show an overwhelming majority of power users in 
favour of a.c. supply, but an equally overwhelming 
majority of private users, shopkeepers and residents, 
who would favour direct current. The exact reasons 
for this preference would take too long to discuss, but 
oiie of the justifications can be found in the possibility 
with dfrect curaent of holding a little in reserve in a way 
which is prar^cally impossible with alternating current, 
depending as it does on running machinery and a constant 
supply of labour and fuel in the boiler house. 

It is easy to ridipule the idea of using storage batteries 
to deal with the immense loads on the fhains fn a city 
like Manchester or Birmingham in the event of a 
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complete breakdown of the generating plant. It may 
be said ^t this risk is insured against by lii iiring up 
with adjacent suppl 3 % undertakings, and I grant that 
tlris does give a very real safeguard to the continuity 
of supply. At the same time, it naust be remembered 
that the conditions which are temporarily upsetting the 
plant may be affecting other supply stations also. The 
fact remains that a few thousand kilowatts in a storage 
battery at a substation, instantly available and under 
direct control, may easily convert what would have 
been a serious interruption or curtailment of supply, 
into a slight irregularity which would pass uimoticed 
by the majority of consumers. 

A year or twp ago, when both labo«r and fuel con¬ 
ditions-were at their worst, the peak-load supply 
apparently became a nightly difficulty in more than 
one large electricity undertaking. I was somewhat 
surjuised to see how calmly the ^consumers accepted 
the . dictum of the engineers and committees that the 
supply would be curtailed or restricted between certain 
hours, or as regards certain classes of consumer. Of 
course there are commercial limits to the value of 
storage, but I cannot help thinking that in the past 
some of the failures to meet obligations to the consumer- 
have been due to an over-zeal for economy, rather tl^an 
to that hoary scapegoat "The act of God." And 
what supply authority has really tested the commercial 
possibilities of storage ? 

• When one exainines the comparative statistics given 
in the Electrical Times and sees how very few of the public 
supply systems are worldnjt with a load factor of more 
than 26 per cent, one wonders what would be the effect 
on the average cost per unit if the load factor were 
brqpght up to unity, or even to 50 or 60 per cent. The 
figures of one large station are as follows: 

Totak units sold .. .. 137 000 000 

Maximum demand ., .. 67 100 kW 

Load factor.. • .. .. 23-29 per cent 

Total works cost .. ,, 1-73d. per unit. 


Is it not conceivable that with a really comprehensive 
si^tem of storage, for example a system that would 
bnng this load factor up to 60 or 60 per cent, the works 
cost could be brought down to l-23d. per unit with 
a gross saving of 137 000 000 half-pence per annum or 
m round figures, £260 000 per annum ? The maximum 
load nf 67 000 kW may be regarded as plant having 
a capacity of 32 000 kW running at 60 per cent load 
fartor, md a further 36 000 kW capacity running idle 
all the time. Storage that cotild take cfiiarge of 36 000 kW 
for, say, two hours per day would, in all probability, be 
amply sufficient to ensure that the running plant neces¬ 
sary to meet the maximum demand would work year in 
and year out at a load factor of 60 instead of 23-29 
per cent. Battery substations to provide this storage 
would cost, so far as I'have been able to ascertain, 
soinewhere about £1000 000, and there would be a 
problematicals£260 000 per annum to pay for the capital 
and worl^g expdnses. I know that the idea wiU be 
scouted, but I subnait that the question of storage is 
seriously enoagh, or looked at 
with a ^^ciently large and wide vision. A reserve of 
energy of 36 000 kW for two hours, or nearly 66 000 kW 


for one hour, is a consideration not to be ridiculed, even 
if the million-pound capital expenditure is a big sum, 
and even if the battery losses Snd maintenance costs 
would account for a large proportion of the £260 000 
per annum that I have suggested might be saved by 
an improved load factor. 

We have had in the past some very useful discussions 
on the subject of specifications and the work of the 
consulting electrical engineer, but I do mot think that 
tile last word has yet beeil said on that matter. The 
difficulty ef drawing a specification which shall define 
while it does not exclude, seems to be insuperable, 
and is only equalled by the difficulty experienced by 
the^ contractor in ganging the exact percentage of 
deviation from the " letter " that ivill be accepted as still 
being in accordance with the " spirit " of the engineer's 
requirements. So long as the S 3 rstem of competitive 
tenders survives, the contractor is haunted by thg 
knowledge that the quotation which, on being first 
read, shows the lowest figure as the " contract sum " 
has secured a psychological advantage over alf others. 
Close investigation wiU often show that this is not 
really the cheapest tender, but the first impression 
has been created, and it requires an effort on the part 
of the consulting engineer to clear that impression 
away and secure equal consideration for the remaining 
tenders. Under these circumstances it is not surprising 
if, in tendering for, say, a ship, the contractor is tempted 
to omit the tar and thereby reduce his tender to a 
figure lower than his competitors’. 

It is my conviction that the high standard of engineer¬ 
ing work attained in our municipal power stations has 
been reached in spite of, and certainly no^ because of, 
our system of public invitation to tender; and now 
that there is a certain amount pf standardization in 
prices for standard work, it caUs not for less, but for 
greater care on the part of the consulting engineer to 
secure that his client shall obtain the best bargain. 

Another matter which I think concerns us as an 
Institution, is the qualification of the electrical contractor 
who carries out the installation work in our houses 
^d factories. I am well aware that tins work of w irin g 
is hedged around with regulations and rules, and quite 
frequently is inspected on behalf of a supply authority 
or insurance company. For all that, it is obvious 
that a certain amount of shoddy work is still being done, 
and shoddy work in wiring brings discredit on the 
electric lighting industry, and thereby on the whole 
electrical profession, more quickly almost than any 
other factor. I feel that until we evolve some system 
of national registration of electrical engineers wd shall 
continue to expose a very vulnerable point in our 
armour to the attacks of those who work for immediate 
returns in hard cash, without regard to the effect of 
their work on the industry as a whole. Any such system 
would have to include the registration of master con-< 
tractors as well as of wiremen and electrical mechanics. 
"Were it merely a question of -^orkmanship on the part 
of the wireman the matter migh^ safely beffeft to the 
trade unions concerned and k would gradually right 
its^f, but scamped work is as liable to originate in 
the office as it is to occur on the actual job. Further¬ 
more, it is common knowledge that the electri^ 
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contractor is ofteiv the customer's sole adviser and 
consultant, and, when it is remembered how largely 
electrical engineering iS judged by the reliability of 
the light in the living room, it can be appreciated how 
much we, as an Institution, are concerned in the status 
of the ^viring contractor. 

I think that the electricity supply industry is to be 
congratulated on the thorough-going manner in which 
it has adoptedrthe scheme of Whitley Councils. I am 
sure that this scheme will go a very long way towards 
stabilizing and consolidating the labour in this industry, 
where stability and continuity of service are matters 
of great value. I know from experience that the 
works committee can be a powerful agent for good 
in a factory, and I feel sure that the results that can 
be obtained by the open discussion of difficulties will 
be none the less marked in a supply undertaking. 
Certainly the, managerial representatives on a works 
committee such as that in the factory with which I 
^ associated find the time well spent, if it is only 
in theuf'own education. I would urge employers of 
labour to trust the works committee more and more, 
remembering that responsibility begets a sense of 
responsibility, and trust engenders loyalty. 

This prindple might with advantage be extended in 
other directions and applied to the relations between 
buyers and consulting engineers on the one hand, and 
manufacturers and contractors on the other. I should 
say that the surest way to get scamped work from a 
contractor or manufacturer would be to let him think 
that you expected it. Treat him honourably, and 


expect liim to treat you so, and the chances are that 
you wiU^not be disappointed. In other words,‘when 
you are treated as a gentleman, ryou instinctively try 
to behave hke one. 

Our War Memorials have another function to which 
I should like to allude very briefly. They serve to 
emphasize our dependence on each, other, and the 
uncertainty of accomplishment of our individual plans. 
In a large Institution such as ours there are inevitably 
many members whose plans will be upset and who 
will fall by the wayside. We are all aware of this, but 
I think we do not all fully appreciate the significance 
of the facts in relation to ourselves. If we did I feel 
that there would be a greater response to the appeal 
for regular annual subscriptions to the Institution 
Benevolent Fund, the only limitation to which at present 
is the fact that its power^for good is at present lim'ted 
only by the inadequacy of its material resources. 

In conclusion I wish to direct your attention to an 
event which I hcfjpe will be a sdurce of great pleasure 
to us all. In June next the Institution will visit the 
North-Western Centre for its Summer Meeting. Friends 
from all over the country will be coming to see what 
we have to show them of electrical and scientific interest, 
and it will be our very pleasant duty to make their 
visit as enjoyable as possible. As a Centre embracing 
Manchester, Liverpool and Nortli Wales we have 
unrivalled opportunities, and your Committee is deter- 
nuned to make the occasion a memorafele one. I am. 
sure that in so doing we shall have the whole-heai-ted 
support of every member of this Centre. 




HAMPTON : SCOTTISH CENTRE : CHAIRMAN’S ADDRESS. 


149 


SCOTTISH CENTRE: CHAIRMAN’S ADDRESS 


By A. S. Hampton, Member. 

THE ECONOMIC ASPECT OF RAILWAY ELECTRIFICATION. 

(Address ddivered ai Glasgow, im mvember, 1922.) 


Experience gained steadily confirms the liigh value 
of the results obtained from the elecirification of suit¬ 
able railway sections, and but for the present financial 
difllculties there would be considerable activity in the 
ejctension of "this class of wcgrking. 

So far no movement with regard to electrification 
has taken place in Scotland, and if reference is made to 
the map of England tt will be] noticed that at every 
point wha:e electrification has been adopted there is 
density of population and a consequent density of 
passenger traffic. 

With the exception of Glasgow and Ihe Clyde Valley 
area there is nothing like the same density of passenger 
traffic in any part of Scotland as obtains in England, 
and in the evidence given before the National Wages 
Board in connection with the case for a reduction in 
• railwaymen's wages it was stated that for every mile 
of railway in England 77 777 pasengets were carried, 
as against 33 675 for eve^r mile of railway in Scotland, 
but these figures only in a measure account for the slow 
movement in the direction of electrification on the part 
of,Scottish railway management. 

Tha-e was tiie •difficulty of obtaining rehable figures 
M to the value of the results following electrification, 
tne absence of uniformity of equipment necessary for 
the interchanging locomotives and rolling stock, 
and the undeveloped condition of the electric power 
industry. 

The situation to-day is entirely different and the 
ffigh cost of* railway working has made it necessary 
to seek for every me^s of economy. If it is ultimately 
f^nd that the electrification of suitable railway sections 
offers advantages over the present system of operating, 
taking into consideration the increased capital expendi¬ 
ture,* electrification will no doubt be adopted. 

The Electrification of Railways Advisory Committee 
have submitted their final report in regard to regulations, 
so that future electrification in this country may be 
earned out to the best advantage in regard to the 
mterdh&nge of electric locomotives and rolling- stock, 
umformity of equipment and/or other matters, and[ 
while the Committee recommend certain conditions, 
^ey do not put any difiSculties in the way of the adop- 
non in future, wi^ thft approval of the JMjnistry of 
T^sport, of any improvement in methods or appliances 
which may ^^om time to time become available with 
mcreasing knowledge and .experience. 

The Railways Act of 1921 is another factor in the 
direction of uniformity, and while there may be differ- 
^ces iif defaiFoif equipment between groups, it is obvious 
that within groups there will be absolute uniformity 


m order to obtain the greatest economy and interchange 
of locomotives, rolling stock and other apparatus. 

While the recommendations of the Advisory Com¬ 
mittee may seem easy of fulfilment, it must be pointed 
out that many costly alterations will reqmre to'^^’be 
made to the existing running line before, electrification 
can become generally adopted, especially in regard to 
overhead equipment. 

It will also be found that many bridges anc? tunnels 
have not tlie necessary clearance, and both rail-level 
and overhead equipment will have to be provided. 

The problem now facing railway management is 
not merely based on the average number of passengers 
or tons per train-mile; it is more in the direction of 
finding a cheaper and quicker means of transportatiem 
over the existing lines, giving less congestion at terminals 
and yet providing for the future growth of trafific. 

In general, railway receipts are proportional to 
ton-miles, and operating expenses to train-miles, and 
while every effort has been made to increase train loads 
it has not been possible to dispense with Jhe frequent 
train service demanded by traders and passengers, 
and at a time like the present,^when loads are at a 
minimum, practically the same number of trains has 
to be run as if loads were at a maximum—with the 
consequent difficulty of making the ton-miles receipts 
meet the train-miles eiqpenses. 

Motor vehicles, run over main public roads maintained 
at the taxpayer'is expense (and the railway companies 
are perhaps the largest taxpayers in the country), are 
to-day competing with rail transportation for passenger 
and goods -riaffic, and, while it would seem that railway 
transportation should be cheaper, it is undoubtedly 
the delays inseparable to slow-moving, heavy traISfic 
that have materially contributed to establishing the 
motor vehicle industry, which offers, as its one chief 
asset, quick delvery to the point where the goods 
are required. 

If the present S 3 rstem of traffic working, especially 
short-haul traffic,, does not efficiently serve the more 
congested districts through which the railwa 3 rs pass, 
something ishould be done to make certain, that the 
traffic is not diverted to motor vehicles, as*£t is by 
no means certain that the ^revenue raised firom long-% 
distance traffic alone would *pay for the upkeep of the 
railways. 

It has to be admitted tha% fje eiqperieflLCtf already 
gained in this country goes *to.show that, generally 
speaking, the existing electrified lines have justified 
their existence by paymg ‘fliieir wsty and creatiitg new 
traffic. 
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So far the piincijpal field for electrification has been 
short-haul passenger service, and the greatest advantage 
is quicker accelerationff and deceleration. In the case 
of short-haul suburban traffic, electrification has not 
only brought about an improved all-day business but 
has relieved the congestion at termini. 

Multiple-unit trains have proved themselves to have 
enormous advantages over steam trains for tliis class 
of service, inasmuch as the system gives greater flexi¬ 
bility, and train loads can -be varied according to the 
amount of traffic. The space of platform occupied is 
very much reduced, and short trains at frequent intervals 
can be run, as against long trains at less frequent 
intervals. Multiple-unit trains for suburban traffic 
also lead to many economies when compared with 
the corresponding steam trains, inasmuch as there is 
more mileage per day from guards and motormen, 
giving greater efficiency and less cost per train-mile. 
Power is used only when actually wanted, and there is 
an entire absence of smoke and cinders. In addition, 
there is^less shunting and a consequent saving in stafi, 
and, as reduced shunting means fewer movements of 
points and crossings, the life of these expensive items 
is lengthened and maintenance cheapened. 

Station premises have been re-designed and put to 
a more valuable use, and the adjoining property has 
increased in value ; also, it is recognized that residential 
districts improve in popularity when given a service 
of electric trains. 

During the past few years great progress has been 
made in the design of electric locomotives, and the 
substitution of electric for steam locomotives, notably 
on the North-Eastern Railway, is an indication that 
the advantdTges and economies are known and appreci¬ 
ated. 

The fundamental difference between an electric 
locomotive and a steam locomotive lies in the fact 
that while the latter generates its own power the former 
only acts as a transformer of the power generated at 
a power station into haulage power on the track. 

Sir Vincent Raven, K.B.E., the Chief Mechanical 
Engineer of the Nortih-Eastem Railway, in a recent 
paper * gave the mechanical disadvantages of the 
steam locomotive as follows :— 

“ The locomotive being a complete independent unit, 
itr power cannot be greater than the capacity of the 
boiler. 

"To increase the boiler capacity obviously implies 
increased dimensions and weight, both of which ofier 
great difficulties in regard to clearances and strengthening 
of bridge structures. 

"On many British railways the limit of weight 
has been reached and further development of power 
is only possible at enormous expense. 

" Ilie-boiler, cylinders, valve gear, crank-shafts and 
all reciprocating parts are costly to maintain. Turn¬ 
tables, fuelling plant and water-supply appliances must 
be provided. 

" Th^ cg^b is small anchopen to the weather, involving 
discomfort to the locomotive crew. 

" Th& locomotive radfates heat and uses coal all^the 


♦ Transactions of the North-East Coast Institution of Engineer 
aicd Shipbuilders, 1921-22, vol. 38, p, 173. 


time steam is up, that is, during many hours when it 
is doing no work and either standing-by or coasting. 

" The ‘^wear and tear of the locomotive on the track 
is considerably increased by the ifiapossibility of accur¬ 
ately balancing the reciprocating parts," 

Sir Vincent Raven said that the electric locomotive 
is not hampered by any of the above-mentioned objec¬ 
tions and that it possesses other important qualifica¬ 
tions, such as:— 

The simplicity of mechanical construction and 
operation. 

The increased power of acceleration. 

A high scheduled speed, due to the possibility of 
heavy, shoi1:-period overloads, resulting in more 
frequent service and the increased use of existing 
tracks. 

A uniform turning efio^-t, resulting in a better factor 
of adhesion at §itarting and on gradients. 

The absence of all reciprocating movement, and 
accurate balancing of all rotating parts. 

Facilities for driving from both ends of a locomotive. 

The accessibility of mechanical and electrical parts. 

Better accommodation for locomotive crews, by 
reason of the increased available cab area and by 
the closing-in and heating of the cab. 

The possibility of coupling two or more locomotives 
together under the control of a single driver. 

It is evident that the working of a steanf engine depends, 
to a large extent on the skill of the crew in attending 
to the fire and the water-level, and in looking after a 
number of mechanical part^ and generally "nursing" 
the engine so as to get the best out of it. 

The process of preparing a steam engine for a day's 
work involves considerable time and^ labour, and after 
the day's work is finished there is another ^process 
of cleaning up and inspecting which also takes much 
time and labour. 

The electric locomotive is always available for service, 
as it is only necessary to keep tlie motor clean, lubricated 
and provided with brushes in order that it may be 
always ready for immediate use by simply connecting 
it to the power line. The driver has only to step on 
board, close certain switches and move the controller 
. handle, and when the day's work is over nothing has 
to be done except ordinary examination, oiling and 
cleaning for the next trip. 

The electric locomotive can remain in continuous 
Service if the traffic can be so arranged for at least 
20 hours in every 24, that the lublrication and the 
small amount of cleaning necessary for the electrical 
equipment can be given by the crew at wayside stops 
during running and between trips. The driver will, 
of course, be fully occupied during running in watching 
signals and controlling the speed, but as the second 
man is not required directly m operating he will have 
plenty of opportunity to attend to the cleaning and 
inspection of all parts, where this can he. done without 
interfering with the running and ^ without risk to 
himself. 

The shed work is^rednced to the cleaning and inspection 
! of brake blocks and the less accessible‘parts/between 
I the frame. These differences in preparation for service 
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and operation make it evident that the electric loco¬ 
motive can remain longer in actual service and do more 
train-miles than the steam locomotive. 

These axe only a W of the advantages of electric 
locomotives over steam locomotives and, while they 
may seem to be all-important, it remains a fact that 
there are only very few of them working in this country. 

The handicap of electric traction is that it must be 
instituted on a large scale. It is not possible to change 
one train only as in the case of a shipping company, 
wMch might puf one vessel of a new type into com¬ 
mission at d! time without interfering in any way with 
any other sMp. To form a fair guide, any experiment 
has to be tned on a scale which involves heavy capital 
expenditure, which in these days is dfficult to arrange 
for satisfactorily, while the risk of a comparative failure 
has to be cj^xefully avoided. The term " failure 
does not imply mechanical oi" electrical breakdown or 
even financial ruin, but it is obvious that if to the 
present capital an additional capital equal to the cost 
of electrification has to be added, the improvement 
in operation must be equal to furnish a return covering 
the whole. 

The smallest experiment in the direction of electrifi¬ 
cation would involve a tremendous addition to the capital 
expenditure, with the consequent difficulties of earning 
the additional interest charges thereby involved. 

It has been pointed out that all the first costs of 
electrification iveed not necessarily be charged to capital, 
e.g. the cost of electric locomotives or rolling stock I 
can properly be charged to revenue under the ordinary 
process of renewals, as obsolete steam plant requires 
replacement and in many areas it would not be necessary 
to incur the cost of power stations, as under the Elec- 
tocity (Supply) 4ct, 1919, energy can be purchased 
in bulk^from the public supply companies at probably 
a lower ®ost than energy could be generated by the 
railway company. 

Electricity would, 6f course, only be purchased in 
cases where the supply was adequate in quantity and 
regularity to meet the demand, and there is every 
reason to expect that the concentration of supply for 
railways and oth^ purposes will bring about lower rates. 

It has been said that the greater utilization of the 
available water power in Scotland would bring cheap 
energy to the assistance of the Scottish railways, but 
It has to be remembered that there is a limit to the 
length of the transmission line, i.e. a point at wliich 
the advantage of the hydro-electric power station il 
wiped out, and it is very doubtful whether hydro- 
ele(^c power stations will ever be able to compete 
with turbo-generaimg stations in industrial areas. 

It cannot be said that the Advisory Committee in 
standardizing a pressure of 1 600 volts d.c. added to the 
cost of electrification, and up to the present no. other 
systm has been put fojjivard giving more economical 
results m working or showing less capital expenditure 
for equipmejrt and rolling stock. The importance 
of having a htaiyiard system will undoubtedly lead 
to more defimte progress and, as a result, cheapm’ 
eqmpment. As the result of standardization tlie 

manufa^Jniringfe companies have made ^eat preparations 

to cope ^th the rmlway demand. They are at the 


present time spending considerable sums on research 
• work and so far they can claim to have carried out 
all the electrification of British^railways. 

' During the past year many papers were read before 
this Institution descriptive of new or improved methods 
of dealing with the problem, and it is known to those 
interested in the subject that progress is being made 
along lines which will eventually reduce the cost of 
installation. 

The practice of British railways has been to build and 
maintain, ^with considerable credit, their own steam 
locomotives and rolling stock, and whether this practice 
of building will be continued under electrification is 
a question for the future. 

Shops for maintenance, repair and renewal will 
always be necessary, and the valuable experience 
gained in this direction would seem to indicate that 
there will be little if any change in the practice. It 
will, of course, be necessary to purchase electrical 
equipment for some time,, but there is no reason why 
the mechanical part should not be built by the railway 
company, who know exactly what is required for their 
particular line. 

Sir Vincent Raven, in his paper already referred 
to, deals with this aspect of the subject and he 
built the, mechanical parts of all the electric locomotives 
in use on the North-Eastern Railway, the electrical 
equipment being purchased from manufacturers of 
electrical plant. 

Mr, Roger T. Smith, Chief Electrical Engineer of 
the Great Western Railway, read a paper before the 
Institute of Transport on May 8, 1922, in which he 
said that it seems worth while on the eve of a demand 
for electric locomotives for the railway cCmpanies to 
consider whether an organization and workshops design 
for efficient and successful maintenance is the best 
for constructing electric locomotives requiring electrical 
and mechanical research of the highest order, and the 
employment of every advance in electrical and engineer¬ 
ing knowledge, not only in locomotive building but 
in several branches of electrical engineering. He 
went on to say that it also seems worth while to con¬ 
sider ^ whether it would not pay the railways of tliis 
country at least to give a fair trial to the policy of 
helping to build up the manufacture of the electric 
locomotive by commercial firms who, with an imp#r- 
tant home market as well as a foreign market, would 
have an opportunity of creating a world trade. 

Very little has been said in regard to the cost of 
electrical equipment for ordinary railway lines used 
for both goods and passenger traffic, and in his jpaper 
already referred to Mr. Roger T. Smith gives the cost 
per single mile of track at £4 000, i.e. £2 000 for line 
and £2 000 for substations spaced 10 miles 
apart. This sum does not include anyliing for trans¬ 
mission, which might, in the case of some districts 
of Scotland, cost a great deal. 

It cannot be said that all the pioneer work h as been 
done; but what has been done has proved to b'e wonder¬ 
fully successful. The element of Uncertainty has been 
ent^ely eliminated and I am of opinion that electrifica¬ 
tion will go forward as rapidly as economic conditions 
justify the expenditure. 
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By H. West, Associate Member. 

(Address delivered at Sheffield, 16th November, 1922.) 


I have decided to take for my address subject 
with which I have been closely associated for the past 
26 years, that is, The Use of Electricity in the Iron 
and Steel and Allied Industries.” In reviewing this 
subject it is not my intention to go very closely into 
details, but to confine myself to a general outline only, 
of what has been accomplished, followed by a brief 
statement regarding the important question of supply, 
and, finally, comments on some defects associated With 
present-day apparatus. 

It is<^ generally admitted that the iron and steel 
industries have for ages occupied a position of vast 
importance in the world, nor can the statement be 
gainsaid that the economical production of these metals 
is a matter of national importance. Iron and steel 
have played a greater part in tlie upbuilding of the 
material side of our civilization than any other metals. 
They represent an enormous investment of capital and 
are produced upon a scale not attained by any other 
industry, and it is undoubtedly true to state that the 
enormous progress which has been made in the develop¬ 
ment of the industry during recent years is in a great 
measure du^ to the economies effected by improved 
facilities for driving plant, handling materials, and 
conducting certain electro-thermal and electro-chemical 
processes which naturally followed the introduction of 
electridt}^. 

The services rendered during the recent war estab¬ 
lished beyond doubt the great superiority of electricity 
as a means of transmission and utilization of power 
over all otlier methods; in fact it is now universally 
conceded that it stands first and that there is no good 
second. 

Those who have visited a modem iron and steel 
w(yks of large size will agree that there is no industry 
in which there exists a greater variety or number of 
difficult problems to be solved than in the application 
of electricity to the requirements of such works, and that 
this application has made gigantic strides during the 
short period which has elapsed since its introduction. 

It is probably true to say that more electrical power 
per head of working force is used in the steel industry 
than in any other industry; in fact it has become so 
much a part of the everyday life of the^plant that 
few realize how dependent we are upon it. From the 
^office to the despatch bay in the works it plays an 
important part, whether it be used for addressing 
envelopes, ringing bells, or driving the heaviest 
machin^ly^ in fact, ^ectly or indirectly, every opera¬ 
tion is dependent up'csn its aid. 

Some idea may be formed as to the magnituder of 
the equipment required to meet the needs of a concern 
engaged in the production of iron and steel and the 


associated businesses of shipbuilding and railwayfrolling- 
stock manufacture, when it is considered Ihat for this 
purpose a total of something like 2 800 motors are 
required, having an aggregate brake horse-power of 
about 90 000, and ranging in size firom a fraction of 
1 h.p. to a little under 20 000 h.p., with generating 
and/or substation plant sufficient in capacity to meet 
the demands created by these motors, together with 
that due to other uses of electricity. 

During the latfer years of the^war a number of the 
best-known concerns in this district were collectively 
using something like 220 000 000 units of electricity 
per annum. The requirements of this same group were 
met immediately before the war by something under 
80 000 000 units in the same period. Nevertheless, a 
little over 30 years ago an electric motor was a rarity 
in a steel plant in this country, although some progress 
had been made abroad in this direction. Prior to that 
time, electrical engineers at home had devoted so 
much attention to the then important questions of 
central electric light and traction stations that they 
had little time to consider the industrial use of elec¬ 
tricity which was destined to play such an important 
part in the years which followed. True, a few to- 
sighted men were using this drive for certain specific 
purposes, but these applications formed conspicuous 
exceptions. In general, those connected ^th the 
industry were sceptical regarding the suitability of an 
electric motor to meet the exacting demands of steel¬ 
works practice. The drives then in use were at least 
satisfactory and represented what engineers had found 
to be the best after many years of experfence. If the 
plant was making money, what need to change ? If 
not, the cost of installing motors was prohibitive. 

Some of these early applications related to machines 
which required to be diffused rather than concentrated, 
e.g. punching, shearing, and bending and straightening 
machines, cold saws, etc. It had been the general 
practice to place a separate non-condensing engine to 
operate each of such machines and distribute the power 
thereto by an extensive system of steam pipes firom 
centrally placed boilers, or from a multiplication of 
boilers distributed in small groups, each group requiring 
separate labour for firing and for coal- and ash-handling. 
Not only was the production and delivery of the steam 
to the various points wastefiii, but there was also a 
tremendous loss in its use, as a consequence of the 
continuous running of most of the engines, although 
they were doing useful work for only •a small portion of 
the time. 

The advent of electricity rendered possible a great 
advance, as a more economical type of engine cfentrally 
placed could be employed to drive a dynamo, with 
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cablra instead of steam pipes, and motors directly 
applied to the machines. 

Following the clasj of machinery already mentioned, 
steps were taken to drive machine tools, hve rollers,* 
screw-down and sldd gears, and cranes of various types* 
In every instance the displacement of uneconomical 
engines and long lengths of steam pipes or shafting 
led to further economies in the cost of labour, fuel 
and upkeep, and a much more flexible and eflident 
form of drive was secured, with the advantage that 
the driven machines could be more conv^iently 
placed in relation to each otter and the work in 
hand. 

In the face of many failures of ttes» early machines, 
the motor attained a responsible position, and the new 
system became so unanimously recognized as being 
sound ttat the progress of conversion of existing plants 
and the application of motors to new drives where 
p^ble went forward with great’ speed, until to-day 
the electric drive is tte only one considered for aU 
purposes to which it can be applied. 

Witt tte ever-widening duties of tte motor 
att^pts to apply it to the heavy main drives of tte 
rolling mills tt^selves, and in entering this field, so 
long held exclusively by the steetm engine, it met with 
tte greatest opposition on reversing mills, tte major 
causes of which were probably prejudice and initial 
cost. The promess made in this direction, however 
.can also be recorded as remarkable. During late years 
It IS represented by a very steeply rising curve, and 
ttere now remains very little argument in favour of tte 
steam engine for such drives. In connection with this 
c^e, it may be of interest to mention ttat tte first 
elegtrically-driven mill was set to work in Sweden 
a,bout tte year 1890, and the first large equipment in 
this country was installed in 1904. 

To-day,* accor<tog to a recent table,* ttere are now 
over 600 electtcally-^flriven mills in operation, the 
dnvmg equipment for which was supplied by British 
manufecturers, and the great bulk of which are installed 
m steel works in this country. The list constitutes a 
marvellous reSord of development, and comprises mina 
capable of turning out all classes and forms of rolled 
matei^, inclusive of tubes, tyres, sheets, rails, girders, 
etc. Considerable impetus to the advancement of this 
ctoss of drive was created by tte development of 
adeq^te and reliable gearing. This rendered tte low- 
sp^ motor, to a large extent, unnecessary, therebv 
reducmg tte cost of many installations. ^ 

There are naturaUy a number of varieties and types 
of these apphcations, depending upon tte drive in 
quMbon. If the drive is a continuous one, i.e. if the 
null IS so arranged that the motor runs continuously 
m one direction at a constant speed, the apphcation is 
oimpMatively simple, as tte wound rotor, three-phase 
mduction rnotor serves the purpose admirably, 

•ii- <Irive in question is one demanding reversal. 
TOtt or wittqjit speed regulation in either direction, 
tte apphcation of tte motor becomes more comphcated 

machine required, coupled 
TOtt the rapid reversals necessary. .In this case one 
has recourse to the Ilgner system which hM previously 
• Electrician, W2I, vol. 87, p. 647 
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holstT*^ success in its application to large mine 

OttOT methods have been developed for meeting 
speaal requirements, but I do not propose to dwell 
further upon this subject. 

There still remain a very large number of engine- 
toven m^, and it would seem that the greatest field 
for additional motor-drives in the next few years lies 
in replacing many of these engines, as doubtless such a 
s &P would lead in many cases to economy and increased 
output. , 

One of tte fundamental considerations controlling 
the rapidity of production of steel is the handling of 
matenals at all stages during the process of manufecture, 
and m^s connection overhead and otter numerous 
special types of cranes have contributed in a very large 
degree to tte present-day highly developed state of 
tte P^t, but again such progress was only rendered 
iwssible by tte adaptability and ease of control of the 
electee motor for this purpose. Adherraice to the 
earher methods employed for tte transmission df power 
to cranes would have rendered unattainable tte varied 
mwements and op^ation which are to-day possible. 

■ extension in the use of cranes is due to 

the mcreasing employment of electromagnets for 
rapidly and cheaply handling matedals at various 
stages between tte stock yards and tte shipping depart- 
naent. Vary great economies in this item of labom: 
alone have been effected by such means. 

Apart from applications involving power supply for 
mechanical operations, electricity has, of course, been 
employed for a great number of years as the principal 
lighting agent, and it has foimd new fields for itself 
m connection with the reduction of ore, the melting 
and refining of steel, the electro-deposition of pure iron, 
the electrostatic precipitation of suspended particles 
in blast-furnace gases intended for use in gas engines. 

It has also been successfully employed as a means of 
producing high temperatures for re-heating purposes, 
^d again, through the medium of the p 3 a’ometer, for 
indicating and recording temperatures in connection 
with all parts of the plant. 

As a means of jointing metals, in repairing cracks 
or breaks, salvaging defective castings, and for metal¬ 
cutting pur^ses, all included under the general heading 
of Electric Welding,” electricity has proved of great 
sarvice. Prior to tte war. little had been done in this 
respect, but great strides were made when the confidence 
of the engineering world was established due to the 
successful welding carried out on tte damaged parts 
of the interned German ships at New York in the ri bring 
of 1917. 

In a lesser degree it has been of service to tte metal¬ 
lurgical chemist, who has applied the electrolytic method 
to the separation and detamiination of seversS of the 
metallic constituents of ste^l. Up to the present- 
setting ^ide the question of lighting—the production 
of electric steel is the most iimiortant of these special 
applications, 

The use of the electric furnace was somewhat 
limited before 1914. It was, however, making headway, 
although then regarded as being in its experimental stage. 
After the outbreak of war, the demand for a greariy 

11 
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increased output ot* special alloy steels, coupled with 
the necessity for prodding a means of dealing with 
the enormous acciunulations of turnings produced in the 
manufacture of munitions of war, resulted in the number 
of furnaces being rapidly increased, until at the cftscf^tton 
of hostilities there were upwards of 140 in service or in 
course of erection. About 120 of these were for purposes 
of steel manufacture and had a total ri-iar gin g and 
kVA capacity of 384 tons and 98 769 kVA, respectively, 
and a total nominal output of about 31 000 tons peir 
month, based upon five da 3 rs pea: week and four weeks 
per month. These figures are quoted from a paper 
by Mr. R. G. Mercer,* to which I would refer members 
for very valuable information on this subject. 

Unfortunately, I cannot enlarge here upon the 
processes of dectro-deposition of pure iron or electro- 
smelting of iron ore. I shall, therefore, confine myself 
to the statement that both processes have been success¬ 
fully ^ployed on a commercial scale and offer great 
possibilities for the future, given an abundant and 
cheap Supply of power. 

A question which has recently caused a great deal 
of controvOTsy in steel works circles is that relating to 
the respective merits of alternating-current and direct- 
current plant for the purposes of any particular service. 
Each system possesses peculiar merits of its own, and 
as the iron and steel works of to-day either generate or 
receive at least a portion of their energy from public 
supply mains on a high-tension multiphase system, 
there is an increasing tendency to utilize, wherever 
possible, a.c. apparatus in place of the d.c. t 3 rpe which 
so long held the field, owing to the saving which can 
be effected in copper, transformers and converting plant. 

With regard to motors, the principal factor deciding 
the t 3 q)e is that of spqed control, but it may be generally 
stated IMt machines of either class will give equal 
satisfaction on certain drives if at the time of selection 
aff phases of the problem receive full and proper con¬ 
sideration. This statement is based upon my experience 
m connection with an a.c. plant laid down 16 years 
ago for all purposes in one of the works over which 
I have control. The drives included cranes and mill 
auj^iaries, comprising “ screwdowns," skids and live 
rollers, md, though much trouble was experienced due 
^ certain motor defects to which I s hall refe later, 

I am confident that the duties were as satisfactorily 
^formed by this class of machine as would have been 
the CMe had any of the available d.c. machines been 
used m their place. 

No matter in what branch of electrical work a man 
may be engaged, he is always interested in electric 
power generation. From the foregoing general outline 
of what one may term the consuming devices in his 
charge, it will be readUy conceded that the problem of 
supply, whether it be derived from outside sources 
or generat^ within the yrorks, is of profound impor- 
ta^e and mterest to the steel works electrical engineer 
“ to-day-a mudi more vital 
one than when hghtjjug constituted the main bulk of the 
oad^and the ihree-main considerations, all of equal 
importance, are continuity of service, safety of plant 
afid workers, and low cost per unit. 

* Journal 1919, supplement to vol, 67 , p. 264 . 


Consid^ng the capital involved and the nature of 
the worlj in hand, an interruption of the supply, even for 
a few moments, is a very serious matter, and every 
precaution should be taken to avoid it, as not only 
does it lead to loss of output, but the lives of many of 
the employees are placed in jeopardy, partly due to 
the extinguistog of the lights, should tiie failure occur 
during the night, but mainly due to their position in 
relation to molten or hot metal. In many cases great 
monetary loss is occasioned by the cessation of supply 
during casting operations, rolling, forging or otherwise 
dealing with molten or hot metal. Damage also 
frequently occurs to electrical and other machinery due 
to the inability te remove it from hot places or out 
of contact with heated materials. Danger also arises 
due to the impossibility of operating pumps for the 
purpose of the works water supply or the important 
duty of boiler feeding. 

For many years all the electric power was produced 
wthin the works by privately owned plants whidi, 
from very small beginnings, had been extended from time 
to time to keep in step with the ever-increasing demands 
made upon them, rmtil, in many cases, such plants 
were of rrfatively large capacity compared with the 
then existing central generating stations. There was 
then no question as to the advisabihty of generating 
aeir own power, as this was the only way in which 
it could be obtained. 

These earlier installations were, in tlie main, of tha 
d.c. type, the supply pressure being usually 220 volts, 
determined by the initial ^class of motor available, 
and partly also by considerations of safety. The 
handicap of this low voltage was keenly felt, as the load 
and areas to be covered increased, due to the continued 
extensions of the plant. This difficulty was overcome 
in some instances by the simple plan of modifying the 
arrangement to that of the three-wire system, ""balancing 
all existing inotors and lights on either side of the neutral 
and connecting any additional motors across the outers. 
In other instances, plant laid down for extension was 
of the a.c. type, giving a supply at medium or high 
pressure which could be applied direct to'^many motors 
without the intervention of either transforming or 
converting apparatus. 

Since many of these stations had been kept up to 
date by replacing obsolete equipment as more efficient 
and larger units became available, and especially in 
|hose cases where waste heat was utilized for generating 
purposes, the cost of electricity was exceedingly low. 
Moreover, as the questions of simplicity and reliability 
were constantly uppermost in the minds of those 
responsible for the lay-out and operation, it naturally 
followed that the three important requirements already 
quoted were usually met in a most satisfactory 
manner. 

The feeling of security associated with this state of 
affairs was, for a time, a deterrent to the adoption of 
a supply for part or the whole of then requirements, 
derived from a company-owned or municipally-owiaed 
station. Later, however, this class of service was 
accepted in man> instances in preference to extending 
or renewing , the private plant, especially whelte waste 
heat was not available in sufficient quantity, or in 
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congested areas when the question of space, or of water 
for condensing purposes, presented difficulties. 

It is seldom that arfailure of supply can be attributed 
to a total shut-down of station plant. More often tlian 
not it is due simply to the opening of a feeder switch. 
When ^s occurs in the case of the privately owned 
plant situated within the works, it is a matter of only 
a few moments to restore the supply. In the worst 
case, assuming that the whole of the generating units 
are disconnected from the busbars, the engines will 
continue to run with the machines excited, thus enabling 
one of their number to be immediately put into service 
to supply those departments where risks of loss of 
molten or hot metal are existent. 

The -matter is not so simple in ilie case of a large 
consumer dependent upon an' outside supply, as due to 
the nature and pressure of. the supply considerable 
extra apparatus is required to deal witli it before it 
c^ be passed on to the works, and, unlike the illustration 
gpven for a private station, much additional, valuable 
tune is lost for the purpose of starting and synchronizing 
converting machinery and operating the extra switch 
gear involved. 

Interruptions of longer duration due to causes of 
a more conrplex nature almost invariably lead to a 
greater loss in the case of an outside supply than -with 
private plant, as in such instances one is usually ignorant 
as to when work may be resumed. This leads to great 
.uncertainty concerning the best course to adopt in 
ordw to reduce the consequential loss and danger to 
a minimum. ^ 

Although the cost of ^ectricity does not represent 
a very large proportion of the total cost of each ton of 

exception, perhaps, of that 
w for melting* purposes, it is nevertheless of the 
ut^t.import^ce, considering the enormous amount 
of the annual bill, that every endeavour should be 
to reduce it well bejpw the prices ruling at present, 
to view of this, and also the necessity for conserving 
the nation’s fuel supplies, it would seem to be incumbent 
upon those concerned with the reorganization • of the 
electncity supply of the country seriously to consider 
close co-operation with steel and other works with a 
view to the utffization of all available waste heat, as 
would lighten the burden arising out 
of the high cost of fuel and its conveyance to the point 

Any f^hw segregation of the power plant from the 
sted worte will depend largely upon the success of efforts 
m t^ duection, and also upon the requirement that 
unmtermpted service throughout the year can be 
^aranteed by the provision of adequate devices for 
the pu^e of isolating faulty apparatus, or sections, 
without mterfOTence with the sound ones. 

Another serious handicap to the immediate displace- 
en of ^priimte plant? and, to some extent, the con- 
toued ^e operation of apparatus already connected for 
toe toptrol of outside supply, arises out of the present-day 
frend towmds inereased capacity and the connecting 
togethOT of public generating stations. This centraliza- 
amounts of energy introduces serious 
possibilities of considerable destruction should a short- 
circmt occur on a consumer’s premises, and places 


very great responsibility upon the seliable oparation of 
high-voltage apparatus, in particular upon extra-high- 
tension switchgear. The capita expenditure required 
to guard against such possibilities wUl be greater than 
timt entailed when connecting up to a less pretentious 
scherne, thus tending to discount any advantage to 
be gained by the utihzation of large and more efficient 
umts. This fact alone renders necessary a reduction 
m the unit charge for eytra-high-tenskm energy to 
enable the outside supply to compete favourably with 
the private plant from the point of view of cost per unit 
at the low-tension works switchboard. 

I have already stated that steel-works present a number 
of difficult problems in the application of electrical 
apparatus. These difficulties do not disappear with 
the installation and setting to work of the machines, 
etc., but rather give way to a number of others arising 
out of the unsuitability for this special puRpose of much 
of the available equipment. 

Generally speaking, the steel-works plant itself is 
massive, rough, and subject to severe shocks and Stresses. 
Its limits of adjustment are wide, and it is in the care 
of men who are accustomed to materials, tools and 
metliods which are the reverse of delicate. It is, therefore, 
necessary tliat the electrical equipment should be selected 
With care, the purpose in mind being reliability, 
simplicity, the human element, interchangeability and 
easy renewal and repair. Above all, it should be rugged 
in build and not liable to deterioration due to the ever¬ 
present corrosive gases and dirt-laden, hot, and often 
humid atmosphere. 

Since the processes are continuous ones, and the 
stoppage of one machine frequently holds •up a whole 
section of the plant, it is just as important to guard 
against breakdown as it is to ensure continuity of supply 
to the machines. The first equipments included 
apparatus of the then standard designs, but it was soon 
evident that something entirely different was required 
for this special service. The early motor at least, witli 
all its faults, was a more reliable article than the starter 
of those days, and much excitement was at times 
occasioned when starting up some of the motors, due 
to the nature of the only available starters, which 
consisted of coils of iron wire arranged to be cut out in 
steps by means of a multiple-contact switch, but witli- 
outany device to protect the contacts from the destruc¬ 
tive sparking which occurred. A separate switch—not 
interlocked witli the starting handle as is usual to-day— 
was provided in the shunt field circuit. The latter was, 
of course, intended to be closed before, and opened 
after, manipulating the starter handle. On occasions 
this sequence was followed, and when the unsupported 
r^istance coils or the arm and contacts of the starter 
did not form too close attachment for each other the 
motor in due course acquired full normal speed! There 
were times, however, when th§ operation was incorrectly 
performed, and both tlie operator and the motor exceeded 
the speed limit, often with disastrous results to the 
latter. 

As most of you are familiar iwith the great improve¬ 
ments which are embodied in the starting and controlKng 
apparatus available to-day, numerous types of which 
have been developed to overcome the difSlculties which 
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bitter experience kas pointed out, and to meet the 
demands of modem practice—assisted in great measure 
by the reqmrements of the Home Office Regulations— 
it is not my intention to refer to the various stages through 
which progress in this connection has carried us, but I 
should like to point out that, notwithstanding the 
many excellent examples, there still remains room for 
considerable improvement with a view to the reduction 
of the cost of upkeep and the removal of the uncertainty 
in regard to correct operation. For instance, resistances 
in many cases are deplorable. They are neither durable 
nor dependable, due to their liability to corrosion and' 
breakage. The method of assembling, clamping and 
ventilation often leads to endless trouble. Then, again, 
the switch parts and contact surfaces are frequently 
incorrectly proportioned, thus causing heating. Inter¬ 
locks, forming a very vital part of many modem equip¬ 
ments, are much too flimsy in character. 

Much of the switchgear of other classes required 
for use in steel worlds also leads one to hope for improve¬ 
ments. Overcrowding of details, and unnecessarily 
light construction, often lead to* trouble, while many 
otherwise excellent deagns are frequently marred by 
the inclusion of terminals or trifurcating boxes totally 
unsuited to the size of cable required for the job in hand. 
Rack or internal connections are also a constant cause 
of failure, in consequence of the slipshod manner in 
which they are arranged. 

Unfortunately, the trials of the engineer do not end 
with switchgear. Motors also cause hirp much anxiety, 
due to their deficiency in mechanical strength. The 
frequency of reversal, and the heavy jars to which the 
motors are subjected, often lead to fractured end-brackets 
or to the armature or rotor core rotating round the shaft. 
The use of insulating materials imable to withstand 
the rough usage or action of corrosive gases leads to 
frequent failure, and many instances exist of otherwise 
good machines being spoiled by the inclusion of shoddy 
terminals or brush-holders. 

Again, we have all at some time or other suffered 
inconvenience and expense because of the difference 
in speed, rating and dimensions of the various makes 
of machines. It is not always possible to carry sufficient 
spares of each type to meet all demands, and, although 
the differences mentioned are often apparently small, 
th^e are, nevertheless, definite limitations to the substi¬ 
tution of one make of motor for another. In the early 
days, and even at the present time, the manufacturers 
have standardized this lack of interchangeability.. 

order for motors seemed to be considered a 
virtual guarantee of subsequent orders, due to the well- 
rdbognized reluctance to carry a greater range of spares 


than necessary; yet the modifications introduced by 
the makers themselves in the normal improvement 
of design have rendered many of the earlier features 
obsolete, and have thus, in effect, increased the number 
and range of spares required even where a given make 
of motor may have been retained throughout the 
works. 

The steel industry, constituting, as it does, one of 
the most remunerative fields for the activities of the 
electrical equipment manufacturer, it would seem to 
be well worth while to spare no efforts to develop a 
line of apparatus and machines in every respect adapted 
to meet the exacting requirements outlined. Something 
has been done in«this direction so far as the live roll 
motor is concerned, but surely it should be possible, 
through the medium of their organization, definitely 
to fix the principal mech^ical dimensions of these and 
other machines, such as the lengtli add diameter of 
shaft, the size of bearings, the distance from the centre 
line of the shaft tb the underside Qf the base, the spacing 
and size of foundation bolts, as well as horse-power 
rating, speed, and type of brush. 

With limitations only of these characteristics, each 
manufacturer would still be at hberty to improve, 
if possible, details of both mechanical and electrical 
design, and thus maintain wholesome competition and 
progress. 

Before bringing my remarks to- a close, I should like 
to thank the authors of several previous^addresses and - 
articles which have appeared in the technical Press 
upon which I have drawn, ^to some extent, for the 
purpose of finding, in some instances, a better way of 
expressing what I so strongly think and feel. 

In conclusion, I would remind you that the iron and 
steel industry is passing through thermost trying time 
that has ever been known or heard of, and that when we 
do again get the whole of the wheels turning "it will be 
incumbent upon each one of us ^concerned to exercise 
the utmost economy in the arrangement and running 
of our plant, so that by its greater effiriency it may 
assist in no small degree in meeting the competition 
which is certain to be encountered. ^ 

With due regard for established precedent, we should 
be ever alert to grasp the significance of new ideas and, 
with the courage of our convictions, to adopt them, 
but 

Be not the first to cast the old aside, 

Nor yet the last by whom the new is tried. 

Such advice is indeed conservative, and by following 
it we can make the electrical departments of our steel 
works of enonnous service and value, not only to the 
great industry itself, but also to the nation in general. 
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By W, P. Richmond, Associate Member. 


(Abstract of address delivered at ]V 

At the beginning of the last session the trade of 
this district was in a very bad state, and we hoped 
that by now conditions would have become more normal, 
but there is no doubt that Cleveland i% passing through 
the darkest days in its history, with perhaps the one 
exception of tlie crisis in 1879. The present crisis differs 
from all its predecessors, howqyer, in that it is universal. 
Our trade conditions, bad indeed as they are, prevail 
throughout the United Kingdom and extend to every 
comer of the globe. 

To understand properly the present crisis, we must 
first of all investigate the general causes underlying 
the world-wide depression, applying the results of 
that examination to our own patiicular case, and then 
take into consideration any local or immediate difficulty. 

We shall see that the causes are of two orders: 
(1) General and international; (2) National and local. 

Although these two are inextricably related, I pro- 
•pose, for purposes of clarity, to deal with tlie two 
separately. 

General and International Causes of Trade 
Depression. 

j?or any industyial country to be prosperous it must 
have foreign trade, and the non-existence to-day of 
intemabenal trade is the cause of the present world- 
sta^ation. The causes of the non-existence of inter¬ 
national trader are threefold: 

(a) Reparations, and allied and other debts. 

(&) Fluctuations in foreign exchanges. 

{c) Bad policy in the new commercial treaties and 
regulations. 

(а) Reparations, and allied and other debts.—Following 
well-known economic laws, the payment of war debts 
naturally forces up taxation on tlie one hand, and on 
the other produces an adverse effect on national credit 
abroad. The allied nations must be in unison, and it^ 
obvious that the only remedy is one which will set 
Central Europe upon her legs again, first so as to be 
able to pay any reasonable demand made upon her, 
and secondly so that she qan again become a fruitful 
market for our produce. With this should be coupled 
some desirable method for the liquidation of war debts. 

(б) Instability of foreign exchanges. —Immediately 
after the war the German exchange began to fluctuate 
enormously, ,^argely, as we have seen, as the direct 
result of war debts. 

At the same time, the exchanges in otlier countries 
began to fall, for similar reasons, ojily perhaps not to 
such a Colossal extent, and gradually ail foreign markets 
became closed both to ourselves and to America, because 


DDLESBROUGH, mh Noveniber, .1922.) 

our prices .were prohibitive, and eventually the exchange 
question developed to such a degree that foreign iron 
and ^ steel could be sold in the Tees-side district at 
shillings below our cost of production and still give a 
good profit to the foreign manufacturer. 

This state of affairs must be remedied before inter¬ 
national trade can be re-established to its pre-war 
degree, with certainty, profit and mutual advantage. 
The remedy lies in reverting to a gold standard in all 
countries, as well as in keeping annual national ex¬ 
penditure within the limits of annual national fevenue, 
this latter, of course, applying particularly to Central 
Europe. This means, above all, considerable reduction 
in the amount spent on armaments. At the International 
Financial Conference at Brussels in 1920 it was shown 
that on an average over 20 per cent of national revenues 
were spent on armaments; also that, as far as Great 
Britain is concerned, 60 per cent, or 12s. in the pound, 
of tlie taxes is spent on wars, either old or new. 

(c) Bad commercial policy .—^Several countries have 
introduced since the Armistice various trade regulations 
whereby the importation of certain articles is pro¬ 
hibited. The object of these regulations ^eems to be 
to make exports exceed imports. Now, it is wrong to 
imagine that because a country exports more than it 
iniports it must be flourishing, since the exact opposite 
might easily be the case. Actually the ratio of exports 
to imports has no direct bearing upon the flourisliing 
condition or otherwise of a country. This scheme must 
not, however, be confused with legitimate tariff reform, 
which has as its object the raising of national revenue. 
The obvious remedy in this case is the abolition of 
such regulations, with a view to fostering—not hindering 
^trade. Time, however, will do much to teach misguided 
countries that such methods are wrong, and will only 
defeat their own objects. * 

Such, then, are the general causes of the present 
world-wide depression, and it would be well now to 
investigate the immediate causes in the light of the 
foregoing, remembering always that Cleveland and its 
trade form but the part of a whole. 

National and Local Causes of Trade Depression. 

Iron, steel and shipbuilding are our local staple 
industries, and on the cessation of hostilities in 1918 
the whole world was crying out for iron and steel., 
Various industries had been starved during the long 
years of war. Railroads badly needed repairing; 
in some cases even replacing! rolling %tdtk, etc., 
was depleted. Yet, as we hava seen, the boom was 
but short-lived. Whilst the demand was good, the 
supply fell far short of expectations. There was a 
shortage of coal supplies, and also of ironstone. ^To 
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this difficulty was ^dded another, namely, the truck 
shortage, causing delays in securing supplies and despatch 
of finished products. Then came the moulders’ strike 
the engineers’ strike, the coal strike and the railway 
strike. The combined effect of these was to cause many 
furnaces to damp down, wliilst others on reduced blast 
were only able to produce poor quality pig instead of 
good marketable brands. Much valuable coke was 
^us uselessly, consumed. Then, because our supply 
in no way met the demand, iron-masters refused to 
aUow the export of pig iron until tlie hom.e markets 
were satisfied. The removal of the embargo was subse¬ 
quently brought about, but unfortunately not until 
■foreign markets were closed to us. 

Such was the position in 1919, but by the end of 1920 
the reverse was the case, for what Uttle demand existed 
was met by cheap foreign iron and steel. 


The Fuxcre of the Cleveland Industries. 

On tke eve of war the world consumed 80 miiUnn 
tons of pig-iron and steel ingots per annum. As a 
consequence of eight years’ abnormal conditions there 
is a world shortage of iron and steel of at least 300 
million tons, the major portion of which will have to 
be replaced within a reasonable period. This is, of 
course, speaking in the abstract, but there are signs 
of immeffiate requirements. Nine coimtries out of ten 
we needing -vast railway replacements and extensions. 
Projected schemes in Brazil alone will consume 16 
milhon tons of steel. South Africa has just passed 
a new Railway Cons'truction Act and has sent out 
inquiries for .material. India requires additional rail-ways 
of a mileage greater than that for the whole of Great 
Britain. Bulgaria, Latvia, Belgium and Spain •will 
soon be in the marked for railway material. 

We have also at the moment 3 million tons of steel 
ships over the age limit waiting to be broken up and 
replaced as soon as the price of steel falls sufficiently 
to enable new ones to be built. Each 2T tons of shipping 
requires 1 ton of steel; thus more than an additional 

milhon tons of steel are required for .ships alone. 

For some years our pig-iron esqiorts have been falling, 
but our steel exports are rising, which in itself is a good 
thing, for it means that more work will be done in the 
countay and in this district. Unfortunately, however, 
the pig-iron production is not up to the steel require- 
m^ts in quantity. Steel is fast becoming our staple 
mdustry, and we must realize the fact and work ac- 
cordmgly. During the war the productive capacity 
of our country had been permanently increased. Many 
new works were laid down ; many reconstructed or 
remodelled and extended, and -there is now an ample 
suffiaency of plant. This also applies to Cle^veland and 
we oughf therefore to be in a position to supply steel to 
,a degree hitherto unknown. Moreover, rail-way rates 
wMe falling, are hardly ever likely to reach the pre--war 
rate. So, instead of shipping hematite pig to Sheffield 
to be cenvsrted into fofgings or boiler plate—-as was 
form«ly done—often,to, be returned to -the seaboard 
for shipbuilding or for export, the tendency wffl be«to 

down additional steel plant in Cleveland. The future 
of Cleveland therefore appears to be very hopeful. 


Electrical Progress. 

Turning our attention now to the electrical side of 
the quesfion, I think we can congratulate ourselves that 
the North-East Coast is one of the most progressive parts 
of the country. Our power coInpa^y is the largest in 
Great Britain, and ranks as one of the largest in Europe. 
We have a railway company which has adopted 
entirely new methods, and has attained extremely good 
results. We have mines wholely electrically operated, 
and iron and steel-works almost entirely so. It is the 
application of electricity to iron and steel-works which 
mostly concerns us in this district. 

One of the first mills to be driven by a motor in 
this country wa^a small one at the Queensferry works 
of Messrs. W^illans and Eobinson. This was used for 
cogging-down ingots into blooms from which the tubes 
for their water-tube boilers were made.r The motor 
was of 285 h.p., direct current and compound wound. 
When the load* came on, the motor slowed down by 
reason of the compounding and allowed the flywheel 
to take effect. The power was transmitted to the mill 
by means of a rope drive. This plant was installed 
in about 1904. 

During the next few years many„small drives with 
I no particular points of interest were put in for tin-plate 
nulls and the like. In 1905, however, a very much 
bolder scheme was adopted at the Birkenhead works 
of the McKenna Process Company, their works being 
enthely electrically driven. There were'"several points 
of interest in this plant. It was the first time that 
rolls had been directly driven electrically; the prime 
movers were the first turbines made by a firm other 
than Messrs. Parsons, and it was the first large three- 
phase installation manufactured in England. Tjjfa 
plant may be taken as the first serious attempt to 
electrify rolling mills. A few years later two small 
reversing mills were installed in this district, ^followed 
almost immediately by several '' three-high variable- 
speed mills. In 1906—7 the first Bgner sets were put 
in for the Clyde Navigation Trustees at their new 
Rolhesay dock at Clyde Bank, to operate coal 
hoists and cranes. 

These large fl 3 nvheel sets paved .the way for large 
reversmg rolling imlls, and in 1911 a large 12 000 h.p. 
reversing mill was installed in this district, and electrical 
power had been applied to rolling mills of all sizes. 

There is little doubt that the duty of live-roll motors 
is the most severe that any motor is ever called upon 
to perform. Particulatrly so is the case of that im¬ 
mediately before the saw. Motors in such positiox^ 
are constantly being started, stopped and reversed^ 
so that the power used in starting and reversing is 
mucOi in excess of that absorbed in doing useful work» 
For the same reason they have to be put in of much 
larger size than the actual horse-power required, on 
account of the excessive heating. What is required 
is a reversible clutch, and a constantly running motor. 
Recently there have been several, sometimes termed 
hydrauHa clutches, put on the market. These are not 
only a clutch but are made with a gear ratio between 
the primary and §.econdary motion. If ^hese devices 
will withstand rolling mill work, and I believe they, 
will, th,ey will be of great advantage for rolling-milj 
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auxiliary drives. Not only will they supersede con¬ 
trollers or contactors, which require much attention, 
but they will allow Ojf the use of the ordinary industrial 
type of motor, as there will be no excessive heating 
caused by reversing. Still further advantage will be 
gained and lower first cost attained if the ratio of the 
clutch can be made so as to eliminate entirely any 
further reduction gear. Such first costs would be much 
less than at present, when, besides the special motor 
now employed, the controller or contactor and the 
gears—two are usually employed—could be dispensed 
with. 

The Power House. 

For several reasons it is somewhatedifixcult to com¬ 
pare generating costs in works with those of public 
supplies. The wages in works* power houses usually 
fluctuate, thd men being paid according to the price 
of iron and steel. The plant has ggrown with the works, 
and the plant units are possibly not of a size best 
calculated to keep do^ costs. The* load factor is in 
favour of the works, which, of course, generate more 
cheaply than ^they can buy. On the whole, however, 

I think that the cost of generation might be still further 
reduced. 

Both in the lowness of running costs and in the 
small amount of adjustment and attention required, 
the steam turbine is far in advance of the gas engine. 

Electric Locomotives. 

In a few years* time, when the electric locomotive 
has taken the place of the steam locomotive, we shall 
look back on the boiler,’ firebox, cylinder, side rods, 
etc., of the steam locomotive as a bad dream, for the 
elei^tric locomotive is bound to come. 

The disadvanteges of a steam locomotive are that 
the boiler, cylinder, valve gear, crankshafts and all 
reciprocating parts are costly to maintain. The cab 
is small and open to, the weather, thus involving dis¬ 
comfort to the locomotive crew. The engine radiates 
heat and uses coal while steam is up, i.e. during many 
hours when it is doing no work. The wear and tear 
of the locomotive on the track is considerably increased 
by the impossibility of accurately balancing the 
reciprocating parts. 

The electnc locomotive is not subject to any of the 
above-mentioned objections, and, in addition, it possesses 
many other important advantages. 

The North-Eastern Railway have had eight years* 
experience with the locomotives on the Newport-Shildoli 
line, and Sir Vincent Raven in his paper read before 
the North-East Coast Institute of Engineers and Ship¬ 
builders in December, 1921, gives the figures for repairs 
of two steam and one electric locomotive as follows :— 
The first steam locomotive after running 51 000 miles 
cost 5d. per mile. 

The second steam lo^motive after running 66 000 
miles cost 6-672d. per mile. 

The electric locomotive after running 100 010 miles 
cost l'316d. per mile. 

In other words, the cost of repairs for the electric 
locomotive was only one-quarter of J:hat for the steam 
locomodve. In the United States the cost of repairs 
IS rather more in favour of the electric locomotive. 


being only about one-fifth of that for the steam 
locomotive. 

It is not, however, the maiif-line locomotive which 
is of the greatest interest to us, but rather the shunting 
locomotive suitable for use in iron and steel-works. 
Such locomotives are of two types, the straight electric 
locomotive, i.e. that getting its supply of electricity 
from an outside source, and the battery locomotive, 
and sometimes a combination of both types. 

Sir Vincent Raven in his* paper read before the Insti¬ 
tution of Mechanical Engineers in August of this year 
instances two straight locomotives which for 17 years 
have been working on the Quayside line at Newcastle 
for shunting purposes. They have been in tlie shops 
only three times for thorough overhaul, and their daily 
service occupies about 18 hours. For the whole of the 
year 1921 the average cost per engine for repairs, inspec¬ 
tion, prep^ng, cleaning, etc., was £103, This figure 
is rather high, as it includes in one of the locomotives 
sonae special repairs which would not be required in an 
ordinary year. The corresponding figure fdfc* steam 
locomotives doing the same class of work for the year 
1921 would be about £610. 

The straight electric locomotive is undoubtedly a 
better engine than the battery locomotive, owing to 
the fact that the latter must necessarily impose certain 
restrictions which do not exist in the straight electric 
locomotive. In making this statement I am not in 
any way detracting from the usefulness of the battery 
locomotive, ^ experience has proved beyond doubt 
that the battery locomotive is an almost ideal class 
of engine for industrial shunting-yard duty, and in 
the majority of cases it is admissible whei^ the trolley 
electric locomotive could not be considered. 

It is impossible to use the straight electric locomotive 
in the works proper, on account of the necessary over¬ 
head line or third rail, but it is advantageous in some 
cases, e.g. where slag-tips or raw-material stores are 
at some distance from the works, to use a combination, 
the battery being the source of supply in tlie works 
and an overhead line in the outl3dng parts. 

Probably the first question to be asked is : Will an 
electric locomotive do all that a steam locomotive will 
do ? The reply is, of course, in the affirmative. An 
electric locomotive requires only 80 per cent of the 
adhesive weight needed by a steam locomotive. * 
When dealing with the battery locomotive there is a 
certain limitation due to the heavy rate of discharge, 
wliich is demanded of the battery when hauling a load 
up the maximum gradient, but, generally speaking, 
there is little doubt that most batteries, if carefully 
designed, are capable of dealing with any ordinary 
shunting-yard gradient. One may take, say, to 
4 per cent as representing a very severe gradient, and 
I consider that good results would be obtained on such 
a gradient if the battery capacity is suitably selected.. 
There are quite a number of battery locomotives 
running in this country and doing quite satisfactorily 
all that is required of tliem, dndjln the United States 
at present there are 2 400 in opei^^tion. 

Sirst cost ,—^The question of first cost is a very im¬ 
portant one and is governed largely by local conditions. 

If one takes the worst conditions, where only one stea&n 
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locomotive is use<}> and consequently one battery 
locomotive is to take its place, then the first cost may 
be a serious handicap, SCS the capital value will possibly 
be in the nature of 1*8 for electric battery traction to 
1*0 for steam traction, but there are few yards, however 
small, where one could afford to risk allotting the 
shunting duty to one steam shunter. However, when 
one comes to consider the substitution of a batch of 
steam locomotives by electric locomotives, the capital 
costs are much more in favour of the latter. From 
my experience I should say that 8 battery locomotives 
would carry out the same duties as a fleet of 10 steam 
shunters. 

On the Newport-Shildon line 10 electric locomotives 
replaced 27 steam locomotives, the former, of course, 
being a more powerful engine than the latter. In iron 
and steel-works we are not in such a happy position, 
as we are not able to make our engines heavier and 
so reduce the number. 

Recently a scheme was investigated for replacing 
14 large^steam locomotives, each weighing 34 tons, by 
electric locomotives. It was decided that it would be 
advisable to purchase 12 electric locomotives at a cost 
of £116 000. The operating charges of the existing 
steam locomotives were examined very thoroughly, 
and only proved results were taken as the operating 
costs for the electric locomotives, and it was found that 
an annual saving of not less than £21 000 would result. 

Saving of fuel. —^Although the saving of fuel due to 
the use of electric locomotives in place of steam on 
main lines is very great, it is not nearly so great as 
that shown in a shunting yard. The saving is again 
increased in^^iron and steel-works on account of the 
locomotives having to stand inactive, waiting for 
furnaces to tap, and the like, for long periods. 

From a great many tests taken on naany^izes and 
types of steam locomotives, it has been fmmd that 
for every 13 lb. of coal consumed on a steam locomotive 
1 kWh is required from the battery of an electric loco¬ 
motive. Now, allowing for a battery efficiency of 
70 per cent,, then 1 kWh of battery input is neces¬ 
sary for every 9 • 1 lb. of coal consumed in the steam 
locomotive. In a modem power station 1 kWh can be 
generated by 2 lb. of coal or its equivalent of other fuels, 
winch shows a fuel saving of 4J to 1 in favour of the 
electric locomotive. At present-day prices coal such 
as is used in a power station costs 17s. 6d. per ton, 
whilst that suitable for a steam locomotive costs 28s. 6d. 
per ton, showing a 7 to 1 saving in the cost of fuel in 
favour of electric battery locomotives. 

In some cases it may be impracticable to charge the 
batteries direct from the generating plant, and some 
means of conversion, sudh as a motor-generator, may 
be necessary. The saving of fuel in such cases will not 
be so great, as the efficiency of the converting plant 
«wiU have to be accounted for. So as not to favour 
unduly the electric loconiotive, let us say that the 
efficiency of conversion, and the loss in the mains is 
80 per dent. This wjpulc? leave us with savings in the 
amount and cost of iueJ of 3*6 to 1 and 6*6 to 1, 
respectively, in favour of the electric locomotive. r 

Batteries. —I consider that one would be quite safe 
in tsLking the life of lead cells to be about 3 years, 
and of nickel-iron batteries at least 7 years. While 


the cost of the nickel-iron battery is very much greater 
than that of lead batteries, I find that the nickel- 
iron is the more economical w^^en capitalized over 
6 or 7 years. In addition, the nickel-iron battery has 
several other advantages. 

Another very important point is the charging of the 
battery, and its ability to run a shift without charging. 
It is not, however, necessary to let the battery run 
down until it requires to be completely re-charged, 
but it can be partially charged at such time as the 
locomotive is idle. It is quite practicable to install a 
battery to give, with the types of cell now manufactured, 
an effecive output of 170 kWh on a 2-axle loco¬ 
motive. It follows, therefore, that a 2-axle electric 
locomotive will do the work performed by steam 
locomotive consunung up to nearly 1 ton of coal per 
shift, and will do this work without any boosting. 

These remarks apply to battery locomotives weighing 
from 16 to 20 tons" (adhesive weight), as compared 
with steam locomotives of the 4-coupled type weighing 
about 26 tons. I am in possession of information showing 
that the average locomotive of the above type does not 
consume nearly 1 ton of coal per shift. A batch of 
14 steam locomotives which I havcrin mind consume 
only 8 cwts. of coal per locomotive per shift; but to 
be on the safe side we may add 26 per cent to this 
figure and call it half a ton. Under these conditions 
the locomotive will do nearly two shifts without 
boosting. 

The same remarks again apply to the 4-axle double¬ 
bogie electric tjrpe weighing up to 36 tons, as it is possible 
to put double the battery capacity on a double-bogie 
as on a single-bogie loco-motive. 

Cost of maintenance. —I have previously quoted the 
figures given by Sir Vincent Raven foe* the maintenance 
of two straight electric locomotives. For a battery 
locomotive it is of course necessary to add*to these 
figures the cost of maintenance qf the battery. 

Running costs. —^The total cost for oil, grease and 
waste and cleaning materials for 16 months of an electric 
locomotive doing shunting work, running 700 miles 
and performing 36 000 ton-miles of shOnting work, 
was £1 10s. Distilled water for the battery cost £1 12s. 
These two itenis covered the whole of the running costs, 
exclusive of wages. 

Repairs and renewals, —Of the electrical equipment 
no renewals of any description were necessary,** the 
only repair being an ammeter lead. 

*** Of the mechanical parts, the brake shoes have been 
renewed once, at a cost of £4 10s. The wear of the brake 
shoes has since been much reduced by a more extended 
use of the rheostatic brake. 

BaMery .—The Chloride battery is guaranteed for two 
years, and after 16 months it shows no falling off, either 
in capacity or efficiency, and this is borne out by the 
fact that it will still work over its full range. The 
original setting of the ampere-hour meter fixing the 
proportion of the charge ampere-hours to discharge 
ampere-hours has not been altered, n 

The average annual cost of a standard 2-axle battery 
locomotive weighing 17 to 20 tons, as cbmpared. with 
steam locomotives of 22 to 26 tons, has been well within 
£16 per year for all maintenance costs, including repairs 
and small stores, 'Such as oil, grease, etc. 
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THE MEASUREMENT OF FLUX DENSITY IN THE AIR PATH 

MAGNETIC CIRCUIT. 


By W. P. CoNXY, B.Sc., Student. 


(Abstract of paper read before the South Midland Students’ Section, 1th March, 1922.) 


Summary. 

A new form of magnetic balance has bgen devised for the 
accurate measurement of the intensity of field at any point 
in the air path of a magnetic circuit, the instrument being 
suflSciently deycate to detect differences in intensity of field 
^ounting to one line per squdSre centimetre, whereas exist¬ 
ing methods measure only the average intensity over the 
whole field, or are only sensitive to differences of 150 to 
200 lines/cm®. 

The distribution of the lines of force issuing from the sides 
of a bar magnet has been plotted and the surface of the magnet 
discovered not to be an equipotential surface. 

Hiot-Savart s law, has been experimentally proved. 


Attempts to measure with accuracy the flux density 
in the air patli of a magnetic circuit have met with 
. Httle practical^uccess. There is an increasing necessity 
for more exact measurement of flux density in air. 

The following well-known methods are in general 
use for measuring this qu*antity;_ 

(1) Flux meter method.* 

^2) Faraday disc method. 

(3) Bismuth spiral method.f 

(1) %hG flux meter actually measures only the flux 
issuing from an electromagnet where the exciting 
current may be rapidly reversed. 

In modern histruments the scale has 50 divisions on 
either side of zero. The linkage for one scale division 
is of the order of 10 000 maxwells. Thus it may be 
seen that if the pilot coil is composed of 100 turns of 
fine wire and if the flux in the magnet is reversed 
then 1 scale division = 10 000/(2 x 100) = 60 lines 

Owing to the very sHght controlling force acting 
upon l^e instrument the periodic time is of the order 
of 1 minute, so that it is very difficult for an observer 
to read the deflection to within 3 or 4 scale divisions 
wthout much practice. This means that under th% 
above conditions it is difficult to read the total flux to 
miMn 150 to 200 Knes, i.e. 6 to 8 per cent of the 
maximum. 

In addition to these sources of error the flux meter 
IS not accurate unless the resistance of the circuit 
containing the coil is maintained constant at the value 

used when it was calibrated, and this is seldom the 
case. 

The following mode of procedure may be used for 
measunng the strength of tlie field of a permanent 

Tn o om tt-r * I 


, t Compte & Rendus , 1886, vol. 102, p. 368. 


The pilot coil is placed between the poles of the magnet, 
the plane of the coil being normal to the lines qf force, 
and the deflection of the flux meter noted when the 
pilot coil is jerked away. Tliis method, however, 
besides being clumsy, has a disadvantage in that it 
IS difficult to ensure that only that flux which threaded 
it in its initial position is cut by the pilot coil. 

(2) In the Faraday disc method a disc of copper is 
rotated at constant speed between the poles® of the 
magnet the flux of which is to be measured, a brush 
being in contact with the spindle of the disc and another 
with its periphery. The voltage generated will depend 
upon the field strength and speed, as in any other type 
of dynamo. The speed being known, the field strength 
can thus be deduced. This method is liable to give 
inaccurate results, owi^g to mechanical difficulties. 

Both the flux meter and the Faraday disc merely 
measure^ the total flux in a portion of the magnetic 
circuit, i.e. the sum of all the flux densities over a 
definite area. The flux density is then obtained from 
tlie expression; 

Flux density = Total flux/Area of path 

Tliis is merely an average- flux d*ensity and, although 
approximately correct for the iron portion of the 
magnetic circuit, it is not representative of the true 
flux density at any part of tlie air path. In the centre 
of the air-gap the lines of force are grouped together, 
whilst towards the edges they are dispersed and a 
fringe is formed so that considerable variations from 
the average are actually present but are not recorded 
by the method of measurement. 

From this point of view the bismuth spiral is superior 
to both the previous methods as it measures the actual 
intensities at any point in the field. This method 
follows upon a discovery made by Hall in 1880, tliat 
if certain metals are placed in a strong magnetic field 
their resistance changes. The greatest effect is obtained 
with bismuth. 

• If the resistance of a strip of bismuth be taken before 
it is placed in the magnetic field, and the rise in resist¬ 
ance noted After it is so placed, the field strengtli may 
be calculated. Because of the very small jn<^ease of 
the resistance with a large increase of field, a change 
of field intensity of less than 1 000 lines/cm^ cannot 
be measured, • 

Any instrument for measuring intensity ®f field 
must, to meet modem requirements, be capable of 
measu^g not merely the real intensity from pokit to 
point in the field, but also minute differences in intensi¬ 
ties, e.g. 60 lines/cm2. Such an instrument has bein 
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constructed, based to the principle of balancing by a 
weight the force deflecting a short conductor placed in 
a magnetic field.* "" 

The author has lately constructed a new form of 
magnetic balance based on this principle, and this is 
illustrated in Fig. A long balance arm of ash, 
AB, is delicately balanced by means of a pair of knife 
edges P in Y grooves in the top of a brass column. 
At one end of the beam A is i|xed a search coil consisting 
of 10 turns of silk-covered wire. This search coil is 
bent in the arc of a circle of radius t = OA, the sides 
a and ^ being paraUel. The side y is 1 cm long and 
radial. The two ends of this coil are carried along 
the beam and connected by means of two copper spirals 
S, Si to two terminals on the insulated collar E. These 
spirals are made of the finest wire which will carry 
1 ampere and are rolled flat and annealed in oil, and they 
are placed as elose together as possible without danger of 
touching. These precautions are necessary as it is essential 
that any tension or compression of the spiral shall have 
only a negligible effect upon the movement of the arm. 


field of unit strength (i.e. 1 line/cm^) with a force of 
1 dyne. ^The search coil consists of 10 turns. Thus 
if a current of 1 ampere flows rounds this coil in a certain 
direction, and the magnet has a field of unit strength, 
the length y of 1 cm is pulled downwards in a direction 
normal to its length with a force of 1 dyne. If weights 
are placed in the scale pan the arm can be brought back 
to zero. Thus the mass in the scale pan will give 
an indication of the field strength of the magnet. 
Now, since 1 mg weight = 0-981 dyne, if the ratio 
OA/OB = 0-981/1 then 1 mg in the’scale pan will 
counteract the force of 1 dyne on the arm y. There¬ 
fore if 1 mg on the scale pan is necessary to bring the 
spot back to zero? position on the scale, the permanent 
magnet has unit intensity of field, i.e. 1 line/cra^. 

It inight, however, be argued that the portion of 
the limbs a and j8 in the. magnetic field ‘also cai*ry a 
current and will also be deflected, but a closer examina¬ 
tion will show that as these arms are parallel to one 
anotlier, and as fhe current fio'^JHng along them is in 
relatively opposite directions, the effect of one counter- 
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Fig. 1. 


The terminals on the insulated collar are connected to two 
terminals T, Tj, on the baseboard. At the point B on the 
other arm is hung a light aluminium scale-pan upon a 
pair of knife edges. A rider, d, slides along tlie arm OA 
to enable a fine adjustment of balance to be obtained. 
Immediately above the central Imife edges is firmly 
fixed to the beam a small mirror, so that the ray of 
light from the lamp is reflected on to the scale Sc. 
Thus any slight deviation of the balance arm from the 
zero position can be readily and accurately detected. 
A small glass beaker, f, is placed round the scale pan 
to^act as an air damper. The permanent magnet to 
be tested, PM, is fixed to the baseboard in such a 
position ihat the flux to be measured threads the 
search coil, and the lines of force are nofmal to the 
plane of the coil. This pOTnanent magnet must be 
•''in such a position that the radial arm y of the search 
coil is always in the magnetic field when the balance 
arm At the e^d B of the beam is fixed 

another" coil, b, whifh will be referred to later. 

From first prinmples/ a wire 1 cm long canying 
1 C.G,S. unit of current is attracted or repelled by a 

•"' A. Gray: ‘‘Absolute Measurements in Electricity and 
pietism,” vol. 2, pt. 2, p. 700, oua 


acts the other and the only tendency is for them to be 
forced apart until the coil encloses a larger area. This 
tendency is, however, counteracted by i£e rigidity of 
the coil itself. 

The short length of coil at A also carries a current 
and it might be thought that a serious error would be 
caused by thp mutual action between this current and 
the stray field of the magnet. It is found in pradtice, 
towever, that as this portion of the search coil is remote 
from the air-gap of the magnet, the leakage flux and 
the resultant error are neghgibly small. 

The instrument just described was constructed in 
the electrical laboratory of the Birmingham University, 
and is now being used as a laboratory instrument. By 
its use changes of field strength of 1 line/cm^ may be 
detected with ease. AlS an example of its sensitiveness 
it may be stated that during one test upon a magneto 
magnet with an air-gap of 4 cm, a small nickel coin 
was suspended in the air-gap between the search coil 
^d one limb of the magnet. Although the difference 
in the reluctance of the magnetic circuit paused by 
slightly diamagnetic object was so small as to be usually 
negligible, yet the instrument registered quite an appred-* 
able difference. As the instrument is so sensitive it 
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is absolutdynecessary that the current through the search 
coU be perfectly constant and accurately measured. 

The plane of the search coil must be absolutely at 
nght angles to the flux in the air-gap, so that the 
ma^um number of lines of force thread the coil. 
:mis may be accomplished by turning the magnet 
shghtly until the scale registers a maximum deflection. 

In the above-mentioned test it could be seen that 
the field was weaker in the centre of tire air-gap than 


Test to Find the Distribctjion of Magnetic 
Field along the Side and Edge of a Per- 
MANENT Bar Magnet. 

For ^ purpose a wooden wedge-shaped table is 
made, the surface of which is parallel to the search-coil 
^ y when the balance arm is in the same position. 
On the surface of this table is glued fine eme^r paper 
to prevent the magnet from slipping. The table is 
placed m such a position ttat the distence from the 



was near either limb, thus showing that the lines of 
rce spread out as they leave the magnet limbs, in 
e same manner as sho'^ by the iron-filing method. 
Finer adjustments may be accomplished by placing 
aghts in the? scale pan until an approxinaate balance 
obtained, and then varying the current in the search 
u until the spot of light returns to the zero position. 

weight in the scale pan in jnilligrams, multi- 
ed "bf the search-coil current in amperes, will give 
es/cm2 direct. ^ 


arm y to ks upper surface when the instrument is 
balanced is half the width of the magnet. When the 
mapet is placed on its edg^ upon' the table the arm 
y lies along the centre line of the noagnet and as near 
to it as possible without actually touching it. This 
arm y now lies in the magnet £eld# emanating f:^m the 
magnet and is at right-angles to certain component 
of that field. By passing a ciirrent round the search 
coil we can measure the strength of this component 
of the field in lines/cin^ by the method described above. 
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If the lines of forc^ leave or enter the magnet all along 
the surface at right angles, then the instrument reads 
direct in lines/cm^ lea'^ng or entering the magnet at 
the point under the seach-coil arm y. The magnet 
can be slid up and down the table and a curve plotted 
showing the strength of field at every point along it. 
Fig. 2 shows such curves, curves 1 and 2 being attained 
for a magnet 25-5 cm long, 2 cm wide, and 0-6 cm 
thick. The abscissae represent distances from the 
centre of the magnet, while the ordinates represent the 
strength of field emanating from the magnet at corre¬ 
sponding points. Curve 1 (not corrected) shows the 
readings along the side of a bar magnet. 

The search coil, however, carries a current which 
produces around itself a magnetic field. Owing to the 
close proximity of the iron, the reluctance of the 
magnetic path of the field is afiected. Since the ten¬ 
dency of anyft coil carrying a current producing lines of 
force is to move so that more lines will be embraced, 
the search coil moves down, thus covering more of the 
magnet? This downward movement is independent of 
the direction of the current, and can be talcen as being 
constant all along the magnet as a low point on the 
saturation curve is being used. The value of this 
error, winch might be called the ''inductive effect/^ 
can be found for the working ciurrent of 1 ampere in 
the coil by replacing the magnet by a similar bar of 
unmagnetized steel. The inductive effect must be 
subtracted from the curve of field intensities. There 
is, however, another error which is not independent 
of the direction of the current, i.e. the error due to the 
eartli's field, and its value may be determined by remov¬ 
ing the magnet and reversing the current in the search 
coil. This error must be added to the uncorrected 
curve on one side ofthe centre and subtracted on the 
other. Thus a corrected curve is obtained of the flux 
density emanating from the side of a bar magnet, 
assuming that the surface of the magnet is very nearly 
equipotential. 

In Fig. 2 at the point marked X there is a pronounced 
Hnk in the otherwise regular curve. This is probably 
due to the fact that at tins point there is a sHght " soft 
spot'' in the magnet. The material at this spot being 
more permeable, a greater proportion of the lines of 
foscce due to this spot flow along the axis of the magnet, 
and a smaller proportion flow out at the side as leakage. 

Curve 2 shows tlie corrected distribution along the 
edge of the same magnet. It is to be noticed that the 
intensity of field up to about 9 cm from the centre is 
far greater than is the case along the side of the magnet. 

Curve 3 shows the case of a short bar magnet 
4'‘in. X ^ in. X i in., where every care was taken in 
hardening and magnetizing the magnet to keep it 
homogeneous and uniformly magnetized. The magnetic 
moment of this magnet (found by the tangent galvano¬ 
meter and vibration magnetometer method) is 1 377- 
dyne-cm. 

Up to this point it has. been assumed that for aU 
practical "'purposes nthe' flux along a bar magnet is 
normal to the surface. ^This being the case, the above 
curves, which actually represent the compohent of 
magnetic field normal to tlie surface, become curves 
representing the total intensiiy of field at any point 


along the magnet. To find how far this assumption is 
correct smother test is required. 

An ^^ inTnininm extension, the ^ length of which is 
adjustable, is fixed to the scale-pan end of the beam, 
and on the end of this extension is rigidly fixed a long 
rectsmgular search coil. The plane of this second 
coil b (Fig. 1), is such that the length of the beam is 
normal to it. The length of this extension and the 
width of the coil are such that if the coil be placed in 
a field of 1 line/cm2 and I ampere flows round the coil 
in such a direction that the coil is repelled, then 1 mg 
in the scale pan brings it back to its normal position. 

A table of adjustable height is placed under this 
second search coil, upon which the mapet is laid. 

If in the position shown in Fig. 1 the lines of force 
leave the surface at an angle 6, there will be a component 
H cos d of the lines of force.tending to move the balance. 

If a current of 1 ampere flows in the search coil this 
force can be counterbalanced by putting weights into, 
or removing wei^ts from, the Scale pan. If there is 
no pull, then cos 0=0, i.e. all the lines leave the 
surface at right angles. 

Due, however, to the inductive effect of the search 
coil, a constant and Imown force must be applied to the 
remote end of the balance to tear the coil away. 
Measurements may be made by placing an assortment 
of weights in the scale pan, and then balancing these 
weights by means of the adjristable rider when the 
current is switched ofl. As the current of 1 ampere- 
is now being caused to flow round the search coil, riie 
force of attraction may be n^easured by taldng wei^ts 
out of the scale pan until tlie balance arm moves. Tins 
force of attraction consists of the resultant of the 
following three forces :— 

(1) Force due to the inductive effect. 

(2) Force due to the earth's field. 

(3) Force due to the horizontal component of tlie 

magnetic field. 

Forces (1) and (2) being known, the horizontal component 
of the magnetic field of the magnet <^ay also be 
determined. 

In practice it is found that the horizontal component 
is so small that it is impossible to weigh it except at 
the extreme ends of the magnet, in fact so small that 
for the purpose of determining the distribution of field 
intensity the lines of force may be taken as issuing 
At right angles to the surface of the magnet. 


Proof of Biot-Savart's Law by Means 
OF THE Magnetic Balance. 

Let a wire AB carry a current I; then the force 
on a unit pole placed at any point P due to a short 
elemental length of conductor = df, 

I sin a dx 


where dx = elemental length of wire AB ; 

y = distax^ce from P to da? at any instant; and 
a = angle between Vdx and wire at any 
instant. 
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(This is generally known as Biot-Savart's law, but was 
originally stated by Laplace.) ^ 

Multiplying numeiSator and denominator by sin^ a 
we obtain 

jj, I sin^ adx 

Now r = 2 / sin a 

where r is the perpendicular distance from the point P 
to the conductor; and the perpendicular cuts the 
conductor at C, 
therefore Isin^ 

-^2— 

®ut X ^ T cot a 

where x = length of wire from C to dx. 

Substituting da for dx we have 

df «= —^sin ada • 
r 


12 cm long has been found. The wire’carried 60 amperes, 
and the search-coil arm was placed at a distance of 
1 cm from it, ^ 

For the purpose of experimentally proving Biot- 
Savart's law coil b (Fig. 1) is used as in Fig. 3. The 
lengths of the two arms of the beam are such that if 
the width of this coil be 0 • 844 cm, then 1 dyne per cm 
length is balanced by 1 mg in the scale pan. In Fig. 3, 
AEFB represent the movabl^e search coil; -EFis bisected 
at ; AB is bisected at O'; and CD is a wire 160 cm 
long. This length is such that leads connected to the 
ends of the wire do not appreciably affect the balance 
whilst canning a current. The remote ends C and D 
of this wire are soldered to wire stretchers which keep 
it taut, and these slide up or down slots in the end 
brackets for altering the distance between the wire 
and the coil. A fine adjustment is made in this distance 
by means of a brass differential jack J fastened to th§ 
baseboard, whilst the inner screw of the jack is secured 
to the wire but insulated from it. 


^ --I sin ada (where a?=CA and a=angle CAP) 

^ •'ir/a 

^ = 7 [cos a];;, 2 
I 

= - cos a 
r 

£ a? 

T ' 

If length CB = CA, then force F on unit pole P due 
to whole length AB 


X 

”” r ' + x^) 

Thus fbr a wire of infinite length 


( 1 ) 


~ ^ “the whole 

r ' + 00 2) length of wire) 


27 

r 


( 2 ) 


It is possible by means of the magnetic balance to 
demonstrate whether this formula holds good in prac¬ 
tice, It is, however, impracticable to measure the 
force, of attraction between two wires carrying a current 
when placed a distance r apart; it is the force of 
repulsion which must be measured. <1 

We have found that the force upon a unit pole placed 
at a distance r from a wire of infinite length and carrying 
a current J is 21 fr dynes. 

This formula is in general use and is frequently 
wrongly applied to the case of a wire carrying a current, 
irrespective of the length of that wire. It has been 
previously shown that^pr a wire of definite length 
2x carrying a current 7 the force upon a unit pole 
placed at a (J^stance r from it is 

37 a? 

r y'(r2 + 

By means of the balance the error caused 
formula (2) in place of formula (1) in the case 


by using 
of a wire 



A steady current of 1 ampere is maintained in the 
search coil while currents var 3 ing from 0 to 160 amperes 
are sent along the wire CD. The leads from the search, 
coil circuit are plaited together and taken to some 
remote distance before being connected to the ammeter 
and other apparatus, in order that they shall have no 
effect whatever upon the reading of the balance, l^or 
the same reason the leads from the wire are carried 
away as far as possible. 

As the instrument is highly sensitive, extreme care 
must be taken. During recent experiments witli this 
balance a mysterious inconsistency in results was 
definitely traced to the fact that the operatoif was 
canying a thin steel nail-file in his pocket. 

The theoretical force of repulsion may be calculated 
by means oi formula (1) and compared witlr the result 
obtained in practice. * 

The arm AB (Fig. 3) is rej^elled by CD, but the arm 
EF caiiying a current in a relatively opposite direction 
is attracted. 

Let a force of repulsion be* taken as poiiti^e, and 
let a force of attraction be taken as negative. The 
algebraic sum of the forces gives the resultant force. 
The effect of CD upon EA is balanced by the effect of 
CD upon FB. 
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Calcidation of tho force upon the search coil .— 

Let AB ^ EF = 0 • 844 cm, 

FB = EA =11-4 cm, 

OO' = r = 1 cm, 

CD = (OC + OD) := 160 cm. 

CD carries 60 amperes = 6 C.G.S. units. 

{a) Force on^ AB due to CD. —According to the above 
theorem the field strength at the centre O' of the coil 
side AB due to a current of I amperes in CD would be 

21 X 

r -f x^) 


of the arm AB. Two more calculated curves are drawn 
for r = 0*7 cm and 0*8 cm, respectively. 

The measured curve falls well ibetween these limits, 
so that an error of much less than 0*25 mm in this 
measurement would give rise to this error in the measured 
curve. 

Besides the difficulty of measuring the correct dis¬ 
tance from centre to centre of wire and coil side the 
following sources of inaccuracy also arise: 

(1) It is almost impossible to ensure .that the corners 

at A and B are exactly square, so that the 
effective length of the arm AB may be shorter 
than its apparent length. 

(2) The arm may not be exactly parallel to CD. 


where x = CO = OD, and r = 00'. 

Owing to the displacement of any point on AB other 
than O' the igield strength will be a little different from 
the above, but calculation shows that these differences 
are so small with lengths such as AB and CD that 
they n^«ay be neglected, and the field strength along 
AB may be regarded as constant. 


Thus 


/o = 2 


^0 


a'O (where r = 1 cm, 
+ x^) 80 cm) 


1A 

^ ® ^ V(1 + 6 400) 

= 10 dynes per cm length (approx.) 


(&) Force on EF due to CD .— 


Force on 


o ^ ^ _ 

12*4* y'[(12*4)2+ (80)2] 
10 80 

12*4* V(183*76 + 6 400) 



= — 0*796 dyne per cm length 


The total resultant force on the coil is + 10 — 0-796, 
or 9*204 dynes per cm length. 

Fig. 4 shows curves connecting current in amperes 
with d 3 mes per cm length, or weight in milligrams in 
thS scale pan. Three sets of curves are shown and all 
are straight lines, proving that the force is directly 
proportional to the current. Dotted lines show calcu¬ 
lated curves, while full lines show curves obtained 
from the readings of the magnetic balance. 

Sources of error. —In all three cases there is a very 
slight deviation between the calculated curves and 
those obtained from the readings, but tliese inconsis¬ 
tencies can be accounted for, ^ 

Take as an example the case where r = 0*76 cm. It 
will be noticed that the calculated curve falls slightly 
above the curve given by 'Ihe instrument (the measured 
curve). 

Therft aje several^cacses which would account for 
this* It is very ojtfficult to measure exactly the 
(Hsta^ce between the centre of the wire and the centre 


A dotted line is drawn showing the effect produced 
if the projected length oi the arm AB upon the wire 
CD =: 0*83 cm. It i§ found that this dotted line almost 
coincides with the measured curve, showing that the 
latter would coincide with thS calculated curve if. 
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owing to either source of in accuracy given above, the 
projected length of AB upon CD = 0*83 cm. 

Although every care was taken during the experiments 
to avoid such errors, the methods of measuring lengths 
such as AB and r do not admit of an accuracy 
(Cbmpatible with the sensitiveness of the instrument, 
but the result appears to afford good evidence as to 
the validity of the expression 

^ ^ a? 

“ r '\/(r2 + a;2j 

The autlior is greatly indebted to the University of 
Birmingham, where he was '^given every facility for 
carrying out the experiments necessary for this paper. 
He is particularly indebted to Professor W. Cramp, 
D.Sc., who so kindly allowed him to be his assistant 
in his research upon magnets and whose untiring advice 
and guiding hand^made this work possible. 
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ELECTRICITY AS APPLIED TO MINES. 

By J. C. Stewart, Student. 

(Abstract of paper read before the Scottish Students* Section, lOth March, 1922.) 


Summary. 

The paper deals in a very general way with the use of 
electricity in collieries. The types ot generators, motors and 
cables are explained, and the factors go'ferning the use of 
each particular type are discussed. 

A brief outline of the mechanical plant used in conjunction 
with motors is given, including pumps, haulages, coal cutters 
‘and winders. 

Diagrams are given of a t 3 rpical haulage, as used extensively 
in this country, a turbine pump, a disc coal cutter and a 
small electric winder. 


, Introduction. 

For the past few years the ordiuaxy individual has 
had brought to his notice phases of industry wliich before 
he was wont to regard as necessary but noxious. This 
applies very truly to the coal industry. More recently 
.the eyes of tlie community were focussed on the coal 
mines and a more general knowledge of the mining 
industry and its absolute^ necessity to the life of this 
country was then gained. In the present period of 
economic unrest and bad trade every industry is trying 
eai^iestly to cut down costs and increase efficiency, and 
in this project they have no better ally than electricity. 

But <or electricity, coal mines would be of no value 
to us. ^ince the earliest days of coal mining the use of 
machinery has slowly, but surely ousted purely manual 
labour, as in most other industries. The problems 
presented by winding, pumping, ventilation and haulage 
have been very gradually solved to the satisfaction both 
of engineers %jid workers. 

Twenty years ago the use of electricity was confined 
to lighting on the surface and to long-distance under¬ 
ground sipalling with batteries. To-day there is not 
a single instance in the application of power where 
electricity has not been employed, in most cases success¬ 
fully. 

By far the greatest number of collieries have direct- 
current installations, owing to the fact that the common 
load in pre-war days was in the neighbourhood of 300 kW 
and an installation of this kind is cheaper with direct 
than wifh alternating current. The tendency at the 
present time is, however, where possible, to take a bullr 
supply , wh®:e fhe power companies have not run 
ma^ and where there is* a fairly big demand for power, 
turbo sets up to 5 000 kW have been installed. 

Voltages vary from 80 to 660 with direct current 
and from 400 tef 6 600 with alternating current, and 
periodicities with the latter are 26, 30, 40 and 60. 

Generally speaking, an a.c, systeiu is to be preferred 
to a d.c. system. With the former, it is easier to comply 
with mining regulations if the mine is liable to gas. 


Direct-current motors, on the other hand, are more 
liable to open sparking and for this reason in fiery 
mines they have to be totally enclosed. This is prac¬ 
ticable up to about 40 h.p., but above this the overall 
dimensions become abnormal. 

In tlie case of a.c. motors, enclosure is necessary only 
at the slip-rings, while squirrel-cage motors can be left 
open. 

An ideal system is a combination of both alternating 
and direct current, but this is not always poss^le. 

Motors. 

All t 5 rpes of motors in use for industrial purposes are, 
generally speaking, employed underground; they are 
modified, however, to suit the conditions. The overload 
capacities are extended, for the motors may have to 
be explosion-proof and withstand damp atmospheres. 

Again, although laid down in places where they will 
be protected, they encounter troubles not associated 
with surface plants. The men in charge cannot always 
make systematic and regular visits to all the motors, 
as in some cases they are so widely disiftibuted, and 
the attendants are usually kept busy with actual 
repairs. 

In fiery mines or those liable to gas, motors and 
switchgear must be flame-proof to lessen the possibility 
of danger from explosions by sparking. Mining regula¬ 
tions are becoming very stringent in this matter and it 
is not always permissible to install electrical plant where 
the possible danger from gas is very great. 

To overcome this, the inclination is towards the use 
of alternating current, when the risks from open sparking 
are considerably lessened.* Motors are placed, where 
possible, in intake airways, i.e. where the fresh aiii is 
entering. 

Switchgear, 

In common with motors, mining switchgear when 
underground follows the lines of ordinary switchgear. 
The same laws governing the installation of Aotors 
apply equally to switchgear. Switches have lafge 
machined faces where joints occur, are as far as possible 
fool-proof, tind must have plenty of space inside, to 
lessen any risks of short-circuits or earths caused by 
damp or deposit. 

The human element, in a great many cases, is largely 
responsible for the success or failure of electrical plant 
underground. The man in chlrga»of, say, a^hatilage or 
a coal cutter is usually more concerned in keeping up 
histproduction than in shutting down for the electrician 
to repair any small trouble, and this usually leads to 
more serious breakdowns. 
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Pumping. 

In all the uses to yhich the motor has beeft put in 
mining, no better results have been obtained than 
the driving of pumps, as they have to operate in some 
cases where no other power than electricity could be used 
eflSciently. Both reciprocating and turbine pumps are 
in use for mine drainage, but of late years the turbine 
pump has become more prominent, the determining 
factor for this being largely the small amount of spac» 
occupied and the advent of multi-stage pumps. The 
time is past when turbine pumps were considered suit¬ 
able for low lifts only, as any required head can now be 
obtained. 

A brief description of both types Sf pumps would 
perhaps be appropriate here. A reciprocating pump 
consists of three separate single-acting plunger pumps 
connected to common suctidn and discharge pipes. 
Ite cranks on the shaft are placed 180' apart, so that the 
discharge is practically jx)ntinuous. Occasionally, how- 
©ver, separate suction and discharge pipes are built 
the pump, so that if one plunger pump breaks down 
it is possible to carry on witii the other two until repairs 
are effected. The sj)eed of the rams varies from 36 to 
60 ft. per minute, and to obtain this the motors require 
to be geared down. 

The turbine pump is made up of a series of single- 
stage centrifugal pumps. £acb rotating disc or impeller 
has its own chamber. The water, after leaving the 
first impeller, passes through a guide port to the second, 
and so on until it reaches the delivery column. The 
head generated depends upon the peripheral speed and 
diameter of the impellers, the best speeds being from 
1 000 to 3 000 r.p.m. 

F8r turbine pujnps, alternating current is to be 
preferred for high speeds and large horse-powers, but 
there are quite a number of direct-current motors running 
up to 1 800 r.p.m. which is about the limit, as commuta¬ 
tion troubles become Considerably increased at higher 
speeds. 

The limiting feature with direct current is, as mentioned 
above, the necessity for enclosing a motor on account 
of gas in the mine. To avoid this, it is usual to install 
two or more pumps of smaller capacity and divide the 
total lift into two or more stages. 

With alternating current, squirrel-cage motors are 
much jised, and it is not an infrequent practice, where 
there are large quantities of water to be dealt with on 
a fairly high head, to install high-tension or even extra-^ 
high-tension motors ‘for driving pumps. 

Haulages. 

The conveying of material from the coal face to the 
bottom was a problem which until recent years was not 
satisfactorily solved. The advent of larger electrical 
installations, however, has resulted in a marked tendency 
towards electrical haulage for the large plants on the 
surfa<^, while for^ secondary haulages underground 
electricity has, of course, no rival. 

The methods of haulage may be divided into the 
following^ Direct-acting haulage, nfein-and-tail rope 
haulage and endl^s-rope haulage. To this might be 
added endless-chain haulage and haulage by locomotive, 
VOL. 61. 


although these latter do not find much favour in this 
country. 

The features determining which type shall be used 
are the circumstances existing at each particular co liery, 
f^d it is quite common to find more than one system 
in operation at the saine colliery. 

In the direct-haulage system, the motor and haulage 
gear are placed at the top of the incline, the full hutches 
are drawn up the incline by the haulage, and the empties 
are afterwards run back down the gradient, carrying 
the rope with them. The inclinations must be sufficient 
to ensure this, e.g. up to 1 in 20, and must be fairly 
uniform. One line of rails is used, though a double¬ 
drum haulage and double rail can quite well be used. 
The average speed is about 6 m.p.h. 

The main-and-tail haulage is generally used on varying 
gradients, where it is necessary to haul the hutches 
both inbye and outbye. Two drums are used, both 
being fixed to the same shaft and driven by clutches, 
one carr 3 dng the main rope and the other the t^l rope. 
The load of full hutches is drawn out by the main rope, 
the tail rope being fixed behind the rake. Both drums 
revolve at the same time, one being driven by the motor 
direct and the tail drum being turned by the tail rope as 
it is drawn ofi. If the gradient at any part of the road 
favours the load, the main rope is detached and the 
load allowed to run forward by gravity, but controlled 
by the brake on the tail drum. When the load is brought 
out, empty hutches are attached and hauled inbye with 
the tail rope, the main rope being now used for the 
I control. Speeds up to 10 m.p.h. are usual with •^hij? 
type. 

The endless-rope or chain haulage has one chain or 
rope running over the entire system of both sets of rails, 
one set going in and the other ofit. The hutches are 
sometimes attached singly about 10 yards apart, and 
sometimes 8 or 10 of them are fixed on to the rope 
together. 

Haulage by locomotive is so cdosely allied to tramway 
haulage or traction that it needs no description. It 
is gr* atly used in America where the inclinations of 
the seams are not quite so steep as in thig country. 

Motors for Haulages. 

All types of motors are in use with haulages, depending, 
of course, on the system of supply. Whatever the type, 
it has a large overload capacity and a fairly high rating. 
Series motors are sometimes used, but compound- 
wound motors are most generally installed if the system 
is a direct-current one. In the case of an a.c. system 
slip-ring motors are usually the type most in favodr 
owing to the large starting torque requi ed. 

The resistance coils on the starting gear must be 
capable of withstanding full-load current for’several 
minutes, as in some of the rqads with steep gradients 
there are bad bends to be encounten d, and these 
necessitate the slowing down of the motor. 

Coal Cutting! 

Tile practice of working coal seams by macliinery is 
one that has become necessary for several reasons. 
For instance, it is more profitable to .work coal 
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seams by mechamcal than by manual labour. The 
thickness of coal seanq^s veiries from 12 in. to about 
6 ft., although there are few seams of the latter thickness 
left in Scotland. The average thickness is 24 in. 
and this is therefore the chief determining factor in the 
height of a coal cutter. 

The length of face is usually about 100 yards, and this 
is split up by roads or gates every 10 yards or so. The 
cut is generally made under the coal to a depth of 
from 3 to 6 ft., and about 6 in. thick. Sometimes, 
however, better results are obtained by cutting in the 
coal if the underlying strata be too hard, and if the coal 


to methods of working coal, as circumstances vary with 
each seam, and each particular stratum of coal has to be 
considered on its own characteri^cics. 

At the present day there are three distinct types 
of coal cutters in successful operation, viz. the disc, 
the bar and the chain. The oldest of these is the disc 
machine, which might be described as an adaptation of 
the circular saw. The disc or wheel has cutting tools 
or picks fixed on its periphery. The disc is supported 
from the general body by a strong bracket so that the 
cutting portion projects to the required amount. The 
body of the coal cutter consists of a motor, gear-box 



Fig. 2. —General arrangement of the ** Crescent** coal-cutter ; B type with d.c. motor. 


i^ very hard it is usual to cut in any soft band which 
appears in the coal. The coal is then parted from the 
upper strata by blasting or hand labour, filled into hutches 
and taken away. This method is known as the '' long- 
wall system of coal cutting. 

Another method, largely used in England, is the 
stoop-and-room or pillar-and-stall system. This is 
only Qan^ed out where^ the coal seams are fa,irly thick, 
e.g. 4 ft. and upwards. In this method the coal is cut 
intq rectangular pillars or stoops by stalls or rooms 
driven at right angles to each other, the pillars or stoops 
being afterwards, taken out. 

It is. not possible to lay down hard-and-fast rules as 


for driving the disc, haulage drum and gear, and starting 
switch. These are all encased in strong steel boxes 
and mounted on skids or a base-plate extending the full 
length of the body. By reason of its general robustness 
and massive construction, tj|;ds t 3 rpe of coal cutter is 
capable of doing harder work than the chain or bar 
type. 

Bar coal cutters differ from both the disc and chain,, 
types in their cutting action, in so^much that the bar 
might be likened to a taper twist-drill., in the threads 
of which picks have been fixed. To this bar j.s given a 
revolving, reciprocating motion. Due to this recipro¬ 
cating motion, ^art of the holings work their way out 
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along these threads. Where the coal is at all friable the 
bar machine gives wonderful results and a much higher 
speed can be attained by the actual picks. 

Judging from old records, it appears that the chain 
machine claims^ priority for the number of patents 
taken out in connection with it. It has a jib carr 3 ring 
a heavy, case-hardened endless chain with a pitch of 
about 7 inches. The cutter picks are fixed in recesses 
in shaped cutt^ blocks on the chain, and are held in 
position by set-screws. The chain is carried round a 
sprocket wheel, the centre of which is hollowed out to 
form an oil reservoir for the wheel. The tension of the 
chain can be varied by an adjusting screw and the jib 
locked securely in position. Within late years there 
have been more of this type of coal cutter installed 
than of the bar or disc t 3 ?pe, a fact peculiarly significant 


Winding. 

While Inhere have been a nunfiDer of cases where 
electricity has been applied successfully in place of steam, 
there is not the same chance for economy as in most 
other branches of mining work. Very little would be 
gained in most cases by substituting electricity, the chief 
difficulty being the large mass which must be started 
from rest, accelerated often to 60 ft. per sec. and brought 
to rest in less than 90 seconds. Added to tliis is the 
fact that the motor in a great many cases would be in 
the region of 1 000 h.p. and would have to compete 
against a steam engine applied directly to the work 
and in dose proximity to the boilers. 

In addition, th© demand for anything up to 1 600 h.p. 
at short notice would be somewhat difficult to cope 
with, although the advent of super-stations would make 



Fig. 4.—Sectional arrangement 


of multi-stage turbine pump. 


of the practice necessary in collieries at the present 
day. 

Electridty was first applied to coal cutters about 30 
yeSrs ago. Motors of from 10 to 12 h.p. were fitted, 
but the attempt was a complete failure, which is not 
surprising considering that motors of 28 to 40 h.p, are 
used to-day, and even these are not sufficient in some 
cases. The motors are, of course, of the totally enclosed 
t 3 rpe.« For use with direct current they are four-pole 
ai;.d doubly compounded. Some makes have series 
fields which give them a very heavy starting torque, 
but the armatures all run about 1 000 r.p.m, and are 
geared down to the disc, chain or bar. ^ 

In alternating-current installations for smaller sizes 
of coal cutters, squirrel-cage motors are fitted and, for 
heavier machines, wound rotors. Due to the small 
amoun*^ o^ height permissible in coal cutters the arma¬ 
tures and rotor coref are very long with small diameter. 
In addition, a reversing switch is carried, and the 
starting switch and resistance are of heavy construdfcion 
a^ they usually have to withstand a great deal of 
" inching." 


this factor of little account. Despite tfiis, electricity 
has been tried out in quite a number of cases and there 
are now both d.c. and a.c. winding installations. The 
motors axe of the open type, running at normal speeds 
and controlled by heavy reversing switches, and have 
to be capable of severe overloads. * 

^ The main advantages of electric winding are that 
'maintenance is considerably less than for steam, smaller 
pit-head frames axe needed, and economical operation 
is obtained in the period taken by the colliery to reach 
its full output. 

Ventilation. 

This is the most permanent load of any in mining work 
and, for this reason, fans shoulS all be electrically driven, 
in order to improve the net load factor of the plant. 
This is even more so at the present diiy when most 
collieries employ the smaller high-speed centrifugal 
suction or force fans very suitable for <Jirect coupling 
to a motor, instead of the large Guibal fans of former 
days, which would require a large low-speed motor for 
their operation. Added to this is thie fact that when a. 
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colliery is first opened (and for several years afterwards) 
the full air delivery is not required, and electrically 
driven fans can be run at lower speeds without undue 
losses. 

For ventilation work a,c. motors are preferable, 
although there is no reason why d.c. machines should 
not give satisfactory results. A synchronous motor is 
eminently suited for this work, as the load is constant. 

Miners are gradually losing their fear of electrical 
breakdowns, and for this reason we may expect that 
in the future very few steam ventilating.fans will be 
installed. 

The three following applications of electricity in 
mines have now reached the stage wh®re at least one of 
them has no competitor, the other two being Impossible 
without electricity, viz. shot-firing, telephones and 
signalling. 

For the first-named, a small magneto exploder is 
generally used, although some managers still favour a 
battery of cells. The magneto armature is hand-driven 
through gearing at from 2000 to 3 000 r.p.m. at the 
moment of closing the firing key. Both low-tension 
and high-tension exploders are in use, and series con¬ 
nection ensures that no part is fired unless all tlie fuses 
are in order. 

Telephone connection is now legally enforced between 
the generating station, pit head and pit bottom. The 
telephones ar^ the same as in general commercial use, 

* but care is taken to make them very strong and water¬ 
tight. 

For signalling circuits Jarge batteries are installed 
with a maximum voltage of 26. Enclosed pull-switches 
are installed every hundred yards, and thus any danger 
oi^-pen sparking^ is eliminated. Signals are indicated 
both visually and by means of a bell, so that tlie risk 
of recefvyig the wrong signal is checked. Arrangements 
are made to prevent confusion of signals, the signals 
b^g automatically returned to the sender so that 
mistakes can be rectified. 

Lighting. 

Both carbdn and metal filament lamps are used for 
lighting the pit bottom and for 100 yards from tlie 


bottom, but at the face Davy lamps still predominate, 
A recent report showed that ^ere were 4 300 electric 
hand-lamps and 720 000 oil hand-lamps in use. 

The efficient lighting of working places underground 
helps to increase both the output and the safety of 
working. Electric hand-lamps consist of an aluminium 
case in which is a lead storage cell. The lamp itself 
is further protected by a thick glass cover. The casing 
is so arranged that if the outer glass covfer is broken the 
lamp is automatically extinguished. The Home Office 
regulations require that at least 1 c.p. must be given 
after 9 hours* continuous burning. 

various makes in use, but they differ very 
little in principle. The usual weight is about 4 lb. 

The objection that electric lamps give no indication of 
fire-damp has been overcome by the introduction of 
various fire-damp detectors. One make gives indication 
of as little as 0*26 per cent of gas. 


Miscellaneous. 

One other piece of machinery largely in use in collieries 
now-a-days is the shot drill. This consists of a rotary 
drill driven by a 4 h.p. motor, and the whole carcass 
is fixed on wheels so that it can be moved quickly from 
place to place. 

These machines are used chiefly for drilling holes in 
the coal after it has been cut by the coal cutter. In these 
holes are placed explosive cartridges which are fired, 
tlie coal consequently being blown down. 

The following are some figures in connection with a 
fairly large colliery in Scotland, and these figures are 
fairly typical for the whole of Scotland 


Output per week .. 
Consumption per week .. 
Water used per week 
Water per ton of coal 
Consumption per ton of coal 
Average load factor 


8 200 tons 
67 000 units 
32 000 tons 
4 tons 
8 ♦ 2 units 
44 per cent 


The overall output is 6 • 6 lb, of coal per unit 
generated. 
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HYDRO-ELECTRIC POWER SUPPLY. 

By A. Tustin, M.Sc., Student. 

(Abstract of pap» read before the North-Western Stubents’ Section, Uth February, 1922.) 


Summary. 

The obj^ts of the paper are: (1) To describe briefly the 
chief constituent parts of a hydro-electric development, and 
i:heir functions; (2) to discuss some of the economic factors 
controlling the development and operation of water-power 
plants , and (3) to consider the question of tidal power where 
it exemplifies the working of tlaese economic factors. 


Types of Development. 

A stream of water, in which Q lb. of water per second 
flow so'"that they fall through a vertical head of 
H feet, necessarily loses QH ft.-lb. of potential energy 
per second. In the state of nature this is turned into 
the kinetic energy of irregular motion, and by fluid 
friction into heat. The task of the water-power engineer 
is to reduce fluid friction by guiding the water into a 
uniform stream-line flow, and abstracting its energy 
by means of water turbines. 

A given power may be provided either by a small stream 
of water falling through thousands of feet, or by an 
immense mass of water falling through a few feet. 
There is no real difference between the principles by 
which the vTater-power engineer deals with the one or 
the other, but naturally they lead to plants widely 
differing in engineering structure and appearance. 

No two water-power stations axe identical, owing 
to local geography, the power available, and the con¬ 
stant progress in technique; but for descriptive pur¬ 
poses we may distinguish two characteristic types of 
plant, i.e. low-head plants of the dam or barrage type, 
and higher-head plants of the pipe-line type. The 
two merge into each other. 

In ^e dam type the power house itself is built across 
the river so as to form a dam; or part of a dam. The 
water rises on the up-stream side,, and is allowed to 
flow through turbines in the power house under the 
head so obtained. 

In the pipe-line type the water is accumulated in a 
catch pool at a higher level, and is brought down to 
the power house by a pipe or pipes, which may be miles 
long. 

Pressure Pipe or Penstock. 

The design of pipe lines for hydro-electric work 
presentsra very varied series of problems.*^ There is a 
wide choice of material: riveted boiler plate, reinforced 
concrete, wood staving, cast iron, welded steel and 
weldless steel all being met with. 

The pumber, size an^ location of the pipes must 
be determined, and due thought given to the questions 
of anchorage, tempemture expansion, water-hammer 
effects, and mechanical strengih, both as a beam And 
whilst partly filled or under sudden suction due to 
increase of load. 


Actually pipes are met with, varying from more 
than 12 ft. in diameter and some f in. thick at low 
heads, to a diameter of 19 in, and Ij in. thickness of 
weldless steel, as in the 6 006-ft. head pipe-line at Lac 
Fully, in Switzerland. 

The water pressure upon the interior of the pipe 
increases proportionally to the head as the pipe descends 
from the forebay to the power house. For this reason 
long pipes are sectionalized, and the material, size, 
thickness and, occasionally, the ,riumber of pipes, are 
varied so as best to suit the conditions of eacli particular 
section. 

With regard to the choice of the number of pipes 
to convey a given quantity of water, the best practice 
is to make the number as small as possible, often using 
one only. This may be seen by considering that the 
total section of the pipes is kept unchanged while the 
number is varied. The smaller pipes will not need to 
be so thick, both thickness and diameter*'being propor¬ 
tional to ^/{l/n), where n is the number of pipes. The 
area of metal per pipe is therefore proportional to l/«, 
and the total metal n x (Ifri) is unaltered. At the 
same time, however, the efficiency of the pipe is 
decreased, as the frictional loss of head, being roughly 
proportional to the wetted surface,r is increased Tay 
using a number of small pipes. ^ 

In practice more than one pipe is used, and some¬ 
times as many as five or ten. This is sometimes due 
to the fact that the installation is madeT step by step, 
or to manufacturing, transport, or erection consider¬ 
ations. For pipe lines up to a few hundred feet in 
length it is a common practice to put one»'pipe to each 
turbine, thus giving reliability and avoiding the losses 
inherent in the distributor pipe which would otherwise 
be necessary. 

Choice of Diameter. 

The basic principle upon which all economical design 
^epeiids is that an additional small investment of capital 
hpon any part or item of the plant should give the 
same return, and that that return should be equal 
to the market rate of interest on this investment, plus 
the annual depreciation on this investment at a per¬ 
centage suited to the item in question, plus an allow¬ 
ance for profit. 

In this case an increase in ih.e diameter of . the pipe 
would result in a definite additional capital outlay. It 
would result in a gain because the decrease in the 
frictional loss would render an equal amount of energy 
saleable, and the gain would be the**^sale price of this 
energy. It would also result in a loss because the 
turbine and the generator would have to be con^pspond- 
ingly larger, working at a slightly higher head because 
of liie decrease ip the frictional loss. 



TUSTIN : HYDRO-ELECTRIC POWER SUPPLY. 


176 


The annual value of the energy gained should be 
just sufficient to for the interest, depreciation, 
and profit charges on the increase in cost of the 
pipe and the increase in cost of the generating unit. 
This consideration enables an economic limit to be 
arrived at. 

Water Turbines and Specific Speed. 

In practice only two types of water turbines are 
generally used, the Pelton impulse wheel, best for 
small powers and high heads, and the Francis reaction 
turbine, best for large powers and low heads. 

The conditions determining which (lype is the more 
suitable for a given case are largely summed up in the 
specific speed, which depends solely upon the geometrical 
proportions and shape of the wheel, and not upon its 
size. 


Headworks and Forebay. 

The forebay at the head o^ the pipe line has two 
main functions :— 

(1) To supply water capacity to meet a sudden 

change of load, as the water in a long canal 
or flume cannot quickly adjust its flow to new 
conditions. If no capacity were provided at 
the forebay a sudden increase of load would 
drain the forebay, and a sudden decrease of 
load would cause it to overflow, owing to the 
inertia of the water running into it. 

(2) To remove foreign bodies from the water, the 

water velocity is reduced so that sand and 
grit settles, and straining racks (trash racks) 
are provided, first of coarse and then of fine 
mesh. 


If a runner of given geometrical form be placed under 
a given head there will be only one speed at which the 
velocity of flow of the water and the velocity of the 
blade are so related that the water enters without 
shock and leaves with low velocity, and therefore only 
this speed wiU give the best efficiency. The spouting 
velocity of water at a head H is proportional to y'H, 
and, therefore, keeping the turbine always running 
so that the water enters without shock, the velocity 
of the blades njust be proportional to V-H’and the speed 
<r.p.m.) to ' 

The power developed is the product of the quantity 
of water and the head, i.^. it is also proportional to 
yUD^H, since tlie area of the water passages for 
geometrically similar wheels is proportional to 
We have then the two proportions: 


AT 

and Pcf,H-s/HD^, or 

Eliminating jD, we have 

AT 

-- 

Pk 


or 


"-■ 4 ' 


v^liere R is defined' as tlie specific speed. 

Pelton wheels have specific speeds of less than '6 ort 
• -^ Francis turbines have specific speeds of front 16 
to 126. Intennediate values may be obtained by 
using more than one Pelton wheel mounted on the 
same shaft, or wheels with more than one jet. Since 

speed must vary 

M yP/HJ, tt will be seen how the head and poww 
determine the choice of type of wheel. 

Draught Tube. 

^e draught tule is an integral part of the turbine, 
a? It is uwd to recover ttie energy represented by the 
he^^ whifb the water retains when leaving the turbine 
md the energy due to the velocity with which it leaves' 


Storage and Regulation of Flow. 

There are really two distinct reasons for providing 

hydro-electric plants with water storage, as follows :_^ 

(1) During any day the mean power which may be 
generated is proportional to the total fiow of water 
For most purposes, however, the load curve is peaked* 
and the flow of water must follow the peaked load curve,' 
and if the whole of the available water is to be used! 
some of it must be stored at times of low load, so as to 
be av^able for times of peak load. This storage is 
sometimes called "pondage,” and is often placed 
at or near the forebay, so that the works above the 
forebay may be designed to meet only the mean load 
not the peak load. 

(2) Storage from wet to dry parts of tUe year, and 
from dry to wet years. The whole problem is very 
similar to that of ordinary town,water-supply, but is 
usually on a larger scale. It is worth noting that storage 
at the head of a river serves for the seasonal regulation 
of all water-power stations farther down the river. 
This is one reason, amongst several, why the water 
development of a river must be considered as a whole, 
i.e. as one problem from source to mouth. 

Two factors largely decide the desirability of storage 
the first being the head at which the plant works. A 
given quantity of water stores an amount of energy pro¬ 
portional to its head. For example, a 10-ft. cube of 
water at a head of 6 000 feet .represents about 120 kWli, 
but at a head of 20 feet represents only about 0-5 kWh.' 
For this reason high-head plants are provided 'with 
storage wherever the ground permits, but low-head 
plants never have storage. 

The second factor is the frequency with whiefi the 
reservoir is fiHed and emptied. Clearly, the 
power from a given storage is proportional to this. 
This is the season why daily pondage present^ so few 
problems, as compared with seasonal storage. It is 
also the reason why storage, from dry to wet years 
is practically never found, and why a district with 
two wet seasons favoius storage more than does a dis¬ 
trict with only one. 

Storage for Tidal-pcwer Regulation. 

^ These two principles have an interesting application 
in schemes for developing tidal power, where the problem 
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of fitting a peaked power-supply curve, with its peaks 
at variable hours of therday, to a peaked but stationary 
demand curve is probably not capable of a very cheap 
and easy solution. It has been suggested that a high- 
head storage reservoir should be established near the 
tidal power station. At times of excess power it would 
be used to pump water up to the reservoir. This 
water would be run out to supplement the tidal 
power when required, special high-head turbines being 
provided. 

This regulation by pumpage is not untried; there is 
a small river station at Walker Bum on the Tweed 
so regulated with a 1 000-ft. head reservoir, and a larger 
one at Vouvry in Switzerland working at 3 000 ft. 

There are three separate frequencies to be considered 
in the case of tidal power :— 

(1) The tidal power, utilized on rise and fall, has a 

peak every 6 hrs. 12j mins. 

(2) I^e load curve has a peak every 24 horns. 

(3) The tidal power available is four times as large 

at spring tides as at neap tides, with peaks 
every fortnight. If the actual cost of the 
high-head reservoir were very large, as seems 
likely to be the case, it might be profitable 
to store for the high-frequency variations, 
but not for the low-frequency variations, i.e. 
it might be more economical to turn the tidal 
power into constant available power without 
providing storage to distribute this power 
over a commercial load curve with a corre¬ 
spondingly higher peak value, and similarly 
it might be profitable to develop fuUy the 
neap tide power and neglect the excess at 
spring tides. 


Interconnection and Storage. 

When power plants are fed by streams having a 
different variation of flow with the seasons, as when 
one is fed by melting snow and the other by rainfall, 
they may be electrically interconnected, and the 
seasonal storage required is thus reduced. Similarly, 
on tidal-power development schemes it has been sug¬ 
gested that the power from estuaries having different 
tidal times, when fed into a common network, nught 
be arranged to avoid or diminish storage. Such 
schemes have been proposed for the Severn and the 
Dee; and for the Forth, Clyde, and Solway Firth. 

Tidal Power. 

When the tide rises, work is done in lifting an immense 
mass of water against gravity. The r^te at which 
work is done, i.e. the power, is enormous. It has 
been estimated, for instance, that the Irish Sea absorbs 
at times an 3 dhing up to 6 000 million kW. In the 
open oceans the greater part of this energy is restored 
on the'fal^ of tide, tjfie tidal heap or wave simply swing¬ 
ing round the earthr Shallow seas and narrow places 
absorb a large quantity of tidal energy in friction, 
which is supplied by a corresponding decrease in ^e 
ibtational ener^ and speed of the earth. Since this 
energy of rotatioijt is sufficient to supply 1 000 million 


continuous kW for 800 million years, neither the 
immense “tidal losses nor such triv^ additions to them 
as any human harnessing of the tides might make, will 
cause any perceptible lengthening of the days and 
nights during any period of immediate interest to us. 

During the past few years there have been a numb^ 
of schemes for turning the tidal power to account. 
These are of two main types. The first consists of a 
float or floats rising and falling with the tide, and 
coupled by cranks, for instance, to apparatus on shore. 
This scheme cannot be expressed correctly in figures, 
for if we take a float of 1 000 tons* displacement on 
a 20-ft. tidal range, the power would be only 1*4 kW, 
as follows: ^ 

Energy every 12 hours = 20 X 1 000 X 2 240 = 4-48 
X 107 ft.-lb. 


4-48 X 107 

Power = --—— - — 

12^ 60 X 44 000 


1-4 kW 


The more hopeful type of solution is that in which 
a large estuary is dammed, the dam being fitted with 
sluice gates and containing turbines more or less as 
in a low-head river development. The reservoir so 
formed is filled at high tide and the water is retained 
behind the dam as the tide falls outside. When it has 
fallen so that sufficient difference of level has been 
established, water is allowed to flow out through the 
turbines in the dam, generating power. Alternatively, 
the method of worldng may be to lock the rising tide' 
out while the reservoir remains empty, and the power 
is developed while water is 'allowed to flow in and fill 
the reservoir. Finally, if obvious practical difficulties 
can be overcome, it should be possible to combine the 
two and obtain power from the samp turbines botl? on 
the inflow and on the outflow of the tide. 

This* power supply is intermittent, for, h> order to 
obtain a working head, the reservoir cannot begin 
to empty until some time aft&r it has been filled 
at high tide, and it must be quite empty before the 
tide rises again. Since the tidal period is 12 hours 
26 minutes, the working periods become ,Jater each day 
and cannot be made to fit any load which occurs at 
the same hours each day. This problem is the one 
upon the solution of which the economical develop¬ 
ment of tidal power waits, namely, either to adapt 
or create industrial processes which will utilize jpower 
as and when it is available, or alternatively, to find a 
;rmeans of storing energy in order to fit the irregular 
supply to the variable demand of industrial load. 

A further solution is to use an additional low-level 
tidal basin, or sump, into which water may be run 
either from the high tide or the high water in the main 
reservoir, at such tinaes as power would not otherwise be 
available. 


Power from" a Basin. 

On a 20-ft. tidal range one square inile of reservoir 
area may be readily shown to represent energy equiva¬ 
lent to 132 000 kWh, i.e. it would^lose this potential 
energy if it were discharged at low-water level. With 
the power ^develSped on both inflow and outflow this 
would give a mean continuous output (at 100 per cent 
overall efificiency) of 22 000 kW per square mile. 
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The power available is proportional to the square 
of the tidal range, ^ome estuaries, e.g. the Severn, have 
neap tides of 20 feet and spring tides of 40 feet. The 
mean power is therefore at least double that given 
above for a range of 20 feet, and for 20 square miles of 
.J>asin area would give (at 60 per cent overall efficiency) 
over 600 000 kW continuous power, or the equivalent of 
1 000 000 kW peak capacity on an industrial load factor 
of 50 per cent. The Severn tidal-power scheme is of 
this order of magnitude, and at least as much power 
again is available around our coasts and is possibly 
on the margin of being commercially remunerative. 

Competition and Co-operation of Steam and 
Water-power Stations. 

All other considerations apart, under a commercial 
system one absolute limit to the«idevelopment of water 
power is the condition that it shall not be more com¬ 
mercially profitable io supply the same power at the 
same place by fuel-power stations. It is also true, 
however, that a combination of water and steam plants, 
electrically interconnected, is very often the cheapest 
way to meet a given power demand, even when abundant 
water power exists to meet it unaided. The economic 
solution depends upon the load factor of the load it is 
intended to supply, or upon the charges which energy 
at various load factors ydll bear. For example, a very 
high load factor may be obtained by developing electro- 
chenncal industries, but the cost per unit which will 
render this development ^remunerative is rigidly limited 
by the cost of alternative methods of production. 

The costs of generating energy by any means may 

divided into a cost specific to each unit and an over¬ 
head cost independent of the number of units generated, 
but depending mainly on the peak capacity. With a 
higher load factor the fixed charges are spread over a 
larger number of saleable units, and the cost per unit 
is decreased. If the fixed charges are large compared 
with the generating charges, a high load factor will 
have more ^fiect in reducing the cost per unit than if 
the reverse is the case. 

In hydro-electric installations there are many cases 
in which practically the whole costs are the fixed 
charges, i.e. interest on capital, rents, etc., and in such 
cases a high load factor is necessary if the cost per 
unit is to be small, and an installation which could not 
compete with steam at ordinary load factors might be 
a sound proposition if required to supply a specia^v 
'high load factor. 

In hydro-electric schemes involving expensive sea¬ 
sonal storage the reverse is the case. The amount of 
storage capacity required is fixed by the mean daily 
load, not the peak load, and hence the greater part of 
the reservoir cost is a cost proportional to the energy 
developed, i.e. to the load factor. In fact, the water 
has now a^ cost, just as fuel in a steam station 
has a cost, and the storage development is under 
exactly the sa&e economic forces as a station using 
expensive fuel for every unit it develops. In this case 
the Iq^d factor of the station is of correspondingly small 
account, and it may be that such a station which could 
not compete with steam to supplj^ continuous power 


could compete with it successfully under industrial 
load factors, though this would be an extreme case. 

It will now be seen why a* compound station may 
be the most economical proposition to meet a given 
load. It will be possible to keep part of the plant 
running constantly, part running, say, for 60 per cent 
of the time, part running for only the brief period of the 
peak loads, and part, the standby units, running only 
in cases of emergency. , According to* circumstances, 
water-power units will meet some of these demands 
best, and steam units will meet others best, and the 
station will be made compound. 

In low-head developments without storage, i.e. where 
the water is either used or wasted, the steam units 
are therefore used to take the peak loads, and the 
water units are set to run constantly at their most 
efficient output, using all the water which is available 
up to their maximum capacity. 

In high-head developments with seasonal storage 
it is sometimes better to run these steam stations at 
constant load and to take the peaks on the water, 
for the reason explained above. 

Where high- and low-head developments are con¬ 
nected into a comprehensive system, as in Switzerland, 
it is the practice to run the low-head developments 
at constant power and take the peak loads from the 
storage stations. 

In England, where there is considerable possibility 
of developing a large number of low-head stations of 
small power connected into the steam supply network, 
it would be possible to run these at continuous full 
load, and, though the load factor of the steam stations 
would be so much the worse, it is clear that this possi¬ 
bility renders the limit of cost per kilowatt which would 
make such a development possible, rather higher than 
it would otherwise be. 

Cost of Water-power Development. 

There is a definite limit of capital cost which cannot 
be exceeded by a water-power development. This 
limit depends upon the distribution of the load through 
the day and upon the charge per unit which the prospec¬ 
tive consuming process will bear, and cannot, therefore, 
be stated at a definite figure. It also depends upon the 
location of the water power. 

It has been shown in the report of the Water Power 
Resources Committee that a liberal allowance for 
medium-sized plants for all the annual charges whatso¬ 
ever is H per cent of the total initial outlay. 

If the limiting expenditure for development is fixed 
solely by competition with coal-fired stations, the 
limiting cost per Idlowatt may easily be estiirflated 
from the equation :— 

• 

11 per cent of this expenditure 

= annual cost of the equivalent steam station. 

• 

On a pre-war basis a 6 000-kW steam-power station 
with coal at 10s. per ton, and with an annual load 
factor of 96 per cent, wouftl <«:>st aboulf £37 000 per 
aimum. This is 11 per cent* of the allowable cost 
(pre-war) of a 6 000-kW water-power station* which 
makes its limiting cost per kilowatt £67 for the same 
duty. If the average value of money is, as at present. 
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half its pre-war value, the present economic limit is 
twice as much, or £134 per kilowatt. At lower load 
factors the limit would^ be lower, probably about £46, 
i.e. the pre-war cost at 60 per cent load factor. 

The cost per kilowatt of actual installations is very 
variable. A 10 000-h.p. station at Chedde in France 
cost only £7 per kilowatt. The average (pre-war) 
cost per Idlowatt of the installations in various coun¬ 
tries are as follows :— , 

£ 

Canada (70 typical larger plants) .. 17*7 


Canada and U.S.A (average) ., 26*0 

Scotland . 33 .0 

Sweden.I 5 .O 


British Water-power Resources. 

The extent and availability of the water-power 
resources of the British Isles have just begun to attract 
the attention of engineers. The report of the Water 
Power Resources Committee of the Board of Trade 
has just been issued, and, although only selected dis¬ 
tricts were investigated by the Committee, they con¬ 
sider that in those districts there is power of 210 000 kW 
(continuous) in Great Britain capable of economic 
development and more than 200 000 kW (continuous) 
in Ireland, In Great Britain this represents 40 per cent 
of the total units generated for public supply, railways 
and tramways in 1917-18. In Ireland the amount is, 
of course, vastly more than the whole so generated! 
This leaves out much water power not investigated, 
particularly the low-head river sites in England. An 
investigation rof a typical river, the Wiltshire Avon, 
showed 4*4 kW per square mile of catchment. The 
area of England is 60^000 square miles, and although 
tWs is very little data, it indicates that ihere are con¬ 
siderable resources not included in the Committee's 
estimate and there is also a total of at least 1 000 000 
kW (continuous) of tidal power not far from the limit 
of economic availability. 

Water-power Developments Abroad. 

Almost every country has made rapid progress in 
the past 10 years in investigating and developing its 


water-power resources. Everywhere plans are made 
for huge^p developments which oj^y await economic 
prosperity to be put in hand. 

General Economic Effects. 

The steady development of resources of this magnir 
tude constitutes perhaps the most important engineer¬ 
ing movement at present occurring. The causes for 
it are the technical advances in turbine and electrical 
engineering, the spread of the industrial point of view 
all over the world, and the effects of the war upon 
•the supply of coal and of manufactured .goods. 

Probably about one-fifth of the total mechanical 
prime-mover power of the world is water power as at 
present in operation. It is certain that this fraction 
will be much increased in a few years^ time. The 
available water power of the world is vastly greater 
than its power consumption, but its development will 
proceed slowly because it is very often situated away 
from industrial areas. It is certain, however, •that 
in •the long run the load will go to the power, and trans¬ 
port, which is one of the difScuIties of development, will 
be provided where it is required. 

This development has a double ‘interest for this 
country. First, it is creating a demand for civil engineer¬ 
ing pl^t. electrical generating plant, high-tension 
•transmission and control gear, indus^trial equipment, 
etc., which British engineers have to‘'study. This 
demand can be met in the first place only by established 
industrial countries. It is also developing a market 
for trained industrial skill. 

The ifi-timate effect of this movement towards universal 
industrial development, of wliich water-power develon- 
ment is one important aspect, may be less fortunate 
for the people of this country. We have held, together 
wi*^ a few other countries, a monopoly posi^tion as 
universal providers of manufactured goods. In so far 
as it does not depend upon new demands and increased 
consumption, the development of industry in new places 
must of necessity restrict the markets of the established 
countries. The process has not yet become important, 
but it seems probable that it will underlie "the industrial 
Mstory of “the years when we shall be most interested 
in such movements. 
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THE EFFECT OF LOCAL CONDITIONS' ON RADIO DIRECTION-FINDING 
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(Pa^er first received m May, and in find form 7.m SepUmber; read before the Wireless . Section m November. 1922.) 


Summary. 

This paper is an account of some the experiments 
carried out during the past year by the Sub-Committee of 
the Radio Research Board on Wireless Direction Finding. 

The majority of the work was done either at the Radio 
Research Station, Slough, or the National Physical Labora'> 
tory, Teddington, ^ 

The paper summarizes»the work of previous investigators 
on the same lines, and indicates why further reasearch was’ 
necessary. It then describes experiments which provide 
qu^titative data as regards the effect of metal work, coils, 
aerials, overhead wires and trees on a direction-finding set 
in their vicinity, and gives definite figures which show the 
extent in certain cases of errors produced by mountains 
and buildings. 


Introduction. 

Modern direction-finding installations are well able 
to detect variations of les^ than 0*6® in the* direction of 
arrival of the waves under observation. There are, 
however, many causes which may prevent the readings 
so obtained from corresponding to the absolute 
direction of the transmitting station observed to this 
degree of^ accuracy. 

An anal 3 rsis of the various classes of errors expe¬ 
rienced in practice shows that by far the most important 
^e those which have been somewhat vaguely termed 
night effect,*' implying the variation in the apparent 
direction of arrival at the direction-finding station, a 
phenomenon which is observed with nearly all trans¬ 
mitting stations between shnset and sunrise. These 
variations commonly aniount to 20® and have been 
observed by the authors to exceed 40® on certain 
occasions. little is known, however, as to the cause 
producing these effects, though much has been sunnised. 
No practical system has been put forward which avoid% 
these errors, and there is, at present, little more to be 
sadd about them save that, by reason of their existence, 
radio direction-finding is practically restricted to the 
dayrtime except over very short distances. 

S^nd in importance is the class of error dealt with 
m *tos paper, namely, the errors which are produced 
by the immediate surroundings of the installation, 
Emets of this kind may be caused by neighbouring 
objects, or by local geographical conditions, and while 
he errors produced will be constant under ordinary 
circi^tances and thus permit,of correction of the 
beanngs, m other cases it may be necessary to avoid 
aU possible errors at the site of th% installation. It 
was known previously that such objects as cliffs, biiiq 
and mountains, trees, masses of metal^work, and over¬ 


head lines would produce very serious errors on a 
direction finder operated in the vicinity, while the special 
case of the effect of the metal hull of a sliip has seriously 
"tb© attention of wireless engineers ever since 
the first ship was fitted with directional apparatus. 

Round * has indicated these facts in a general way, 
while Ballantine,t an account of some researches of 
the U.S. Navy Department, gives some interesting 
details of local errors met with in special cases. Polling- 
worth and Hoyle have also given the results of experi¬ 
ments conducted in this matter, J while more recently 
Roister and Dunmore have mentioned some of the 
errors e^erienced in towns and on board ship.§ 
Notwithstanding the above work, however, there is 
insufficient data on the matter indicating exactly what 
errors ^e produced, their probable magnitude and at 
what distance from the disturbing objects the receiver 
must be placed in order to render such errors negligibly 
sm al l. 

A knowledge of these facts is particularly important 
in selecting a suitable site for the erectioi? of a direc¬ 
tional radio installation. It is the experience of the 
authors that it is very difficult to obtain for direction 
finding an absolutely ideal site, which is not prohibitive 
for other reasons, particularly in the vicinity of towns. 
It has, for instance, been found desirable to have some 
idea as to which of several conditions will produce the 
least serious effect, and at approximately what spot 
the observed errors will be a minimum. 

The experiments described in this paper were there¬ 
fore carried out in order to obtain some quantitative 
knowledge of the disturbing effects of surrounding 
objects on a directional receiving set. Unless it «is 
otherwise stated, the experiments were conducted with 
a direction finder of the Robinson or crossed-coil type,|| 
which was transported to and from the scene of opera¬ 
tions as required. In a few cases, however, a smaller 
single-frame coil was used for convenience, and due 
mention will be made of this at the correct place. * The 
orientation of the coil for each experiment was carefully 
earned out by means of a good prismatic compass, 
which couldfbe relied upon to within J degreq. 

ill: 

lot,®- Bailanmne: *fThe Radio Compass,” Wireless Year Book, 

luZlf p. llol. 

t J. HoLUNGWORra B Hoybip : ‘‘ Local Errfrs in Radio 
Direction Finding,” Radto Review, 1920," oL 1, p. 644. 

§ F. A. KTolster and F. W. Dunmori?: “The Radio Direction 
Finto and its application to Navigation,” Scientific Papers^of the 
Bureau of Standards, No. 428, 1922. 

11 J. Robinson : “ A Method of Direction Finding of Wireless 
Waves, and its Applications to Aerial and Marine Navigationf* 
Rad%o Review, 1920, vol. 1, pp. 218 and 266. 
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The various obstacles and features of the surroundings 
which are dealt with from the point of view of their 
disturbing effect are Classified as follows:— 

(1) Metal work in small and large quantities above 

and below the ground. 

(2) Overhead wires (e.g. telegraph and telephone 

wires or power lines). 

(3) Tuned aerial systems and closed coils. 

(4) Trees. 

(5) Buildings. 

(1) Metal Work in Small and Large Quantities. 

{a) Small metal work, —^The presence of metal work 
near a receiving set would be expected to have some 
effect upon the working of the latter, owing to the 
currents induced in the metal by the arriving waves 
and to the inductive action of these currents on the 
receiving coil itself. Unless the metal work is arranged 
in the form of a closed loop near or around the circuit, 
the influence of such currents set up in stray metal 
work would not be felt at any appreciable distance 
from the metal object. It is easily shown experi¬ 
mentally that the presence of pieces of metal smaller 
than the dimensions of the coil system do not give 
rise to perceptible errors in the readings of the latter 
except when placed very close to the coil. It was 
found that various metal boxes used in connection 
with the screening of an auxiHary triode oscillator did 
not make any difference in the observed bearings when 
placed 5 or 6 ft. from the coil. Similarly, the screening 
box used for the amplifiers and batteries of the direction 
finder givest'no noticeable errors when at a distance of 
6 ft. from the centre of the coil S 3 rstem. 

This latter box, wjtiich was constructed of sheet iron 
and the dimensions of which were 20 in. x 20in. x 30 in., 

was found to produce an error in the bearing of Paris 
at Teddington of about 1*6° when placed at about 
3 ft. from the coil’s axis. The error was found to be 
greater when placed to one side of the coil perpendicular 
to the direction of Paris than when placed approximately 
in a line with Paris and behind the cofi. By moving 
the box to the other side of the coil the apparent bearing 
was ^ged in the reverse direction. In these positions 
the box hes within 6 inches of the vertical sides of 
the large coil at certain settings, and the currents in the 
coil then probably induce other eddy currents in the 
metal, which wiU give additional effects in the former 
By removmg the metal box to a distance of 6 ft. the 
resnltmg ^or becomes inappreciable. When the box 
IS placed inside the crossed-coil system the effect of 
the eddy currents is most marked, resulting in a large 
reduction of signal strength in the receiver. 

The general conclusions thus arrived at a£-e, therefore 
that masses of metal work comparable in dimensions 
witli the receivmg coil do not perceptibly produce any 
errors in the bearmgs indicated by the latter except 
when placed within a very few feet of the coils. As a 
s^e precaWon it i^as-^well to keep the space of, say, 

of ifietal, as the cumulative effect of several small 
Pieces niay become quite appreciable. For tliis reason 
It is advisable to ensure that the hut or other structure 


containing the directidh-finding set is as free as possible 
from metal in the way of joint-plates, door and window 
fastenings, etc., and that metal oil stoves or lamps are 
not placed too close to the receiving coils. 

(&) Long metal tube, —^When, however, the extent of 
the metal work in the neighbourhood is moderately 
great, the resulting errors in observed bearings becorne 
very much more serious. As an illustration of the 
order of the errors which may arise in such cases, the 
results of an investigation carried out on a large metallic 
tubular construction may be given. The " tube ” was 
of approximately semi-circular cross-section, being 
formed of a number of curved, corrugated iron sheets 
bolted together nrnd resting on flat, similar sheets placed 
on the ground. The tunnel so formed was 50 ft. long, 
and the height of the arch about 3 ft. 6 in. 

The alteration, due to the tube, of the electromagnetic 
fields set up by wave$ arriving from various transmitting 

Table I.*' 

Relation between the Change in Apparent Bearing pyroduced 
at the Centre of the Tube, and the True Direction of 
the Waves relative to the Tubers Axis, 


Transmitting station 

Directions relative 
to axis of tube 

Change in 
apparent bearing 

Nauen 

degrees ,, 

2 

degrees 

12 

Budapest. 

27 

32 

Paris . 

69 

14 

Aranj-uez. 

115 

16 

Horsea 

131 

26 

Poldhu. 

169 

14 

Cleethorpes 

292 

0 t 

n 

15 

Karlsborg 

323 

29 

Moscow .. 

348 

16 


stations was then explored by means & a single re- 
cemng coil 2 ft. 6 in. square mounted on an axis in a 
horizontal base-board with scale and pointer. This 
coil, provided with tuning condensers and an amplifier 
and batteries, formed a very small, portable direction- 
finding set operating on the simple '' minimum ’’"prin¬ 
ciple, which could be used inside or outside the above 
tube. In each position in which the coil was used, 
the latter was set by means of a good prismatic compass 
to read either 90° or 270° when the plane of the coil 
was in the geographical meridian. Wlien the coil was 
then turned to the minimum position for any received 
signals, the pointer indicated directly the bearing of 
the station observed. This setting of the coil could 
be made to about 0*26°, and a few check-experiments 
carried out with the coil set up in an open field well 
away from all obstacles showed that it* gave correct 
bearings, as indicated by the ’’standard” direction- 
finding set in use at the station. This flatter set was 
used as a frequent check throughout the experiments, 
to ascertain the changes produced by the alteration in 
position of the smaller coil. The average accuracy of 
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the readings obtained on the latter was about 0*6®, 
which* was considered quite suf&dent for the,purpose 
required. 

The influence of the metal tube flrst became appre¬ 
ciable when the coil receiver was placed about 30 ft. 
from either end of the tube and on its axis, when an 
error of bearing of about 1° was produced. When 
placed at the open end of the tube, this error increased 
to for various transmitting stations. As the coil 
was then moved down the axis inside the tube, the 
error increased rapidly to a maximum value over a 
distance of about 16 ft. on either side of the centre 
of the tube, this maximum error varying with the 
direction of the arriving waves relative to the tube's 
axis and becoming as great as 29® in one case. Table 1 
summarizes the mean values of several readings taken 
on the different transmitting stations, and also shows 
the directions of these relative to<,the tube. 


have by far the greatest effects. For example, with 
the above coil receiver placed inside the tube near 
the centre, the removal of a se(?tion of the tube, 2 ft. 
6 in. long, forming the top sides reduced the error in 
the apparent bearing of Paris from 14® to 1®. Similarly, 
by unbolting two adjacent sections and slightly separ¬ 
ating them, a change of 2® or 3® was produced. 

With the receiving coil set up along the outsides of 
the tube, the errors observed were very much less than 
those recorded above, ranging from 6® to 9® at a distance 
of 2 ft., to about 2® at 3 ft. from the side of the tube. 
Also, when the coil was placed on top of the tube the 
errors varied from 2® to 6®. 

(c) The case of a ship .—^As a further example of the 
effect of large masses of metal work upon the readings 
of a directional receiver, the effect of the metal hull 
of a ship may be instanced. In June 1921 one of the 
authors installed a standard Robinson direction-finding 
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Fig. 1 (a ).—Observations of bearings made on H.M.S. "Fitzroy' 

17th October, 1921. 


during swinging of ship. 


In each case the change in the apparent bearing was 
tow^ds the normal to the tube’s axis, showing that the 
magnetic field resulting from the incoming waves is 
deflected in a direction towards the ax's of the tub4. 
Table 1 shows that the deflection produced is of the 
nature of a quadrantal error. Immediately the coil 
was placed Inside the tube a very marked decrease in 
signal strength was observed, which is evidently due to 
the eddy-current losses resulting from the currents set 
up in ihe metal work by the incoming waves. The 
greatly increased effect of metal work when placed in 
the form of a partly or completely closed loop is well 
demonstrated by the above results, and illustrates the 
effect which might be expected if, for example, a 
directional wireless receiver were installed in a cor¬ 
rugated-iron building. The continuity of the metal 
stocture would appear to be very important, and even 
with such large masses the nearest portions of these 


set on one of H.M. surveying ships, with the land 
permission of the Hydrographer to the Admiralty, who 
has shown great interest in the experiments. The 
particular ship chosen is normally working in the 
North Sea some 30 to 60 miles out from the coast. 
The set was installed on the upper deck of the ship 
and the frame was set as accurately as possible •on 
the centre line, with the scale of the coil reading 0® to 
180®. Anj* observed reading on the direction-finding 
set was thus made relative to the head of the ^p. The 
direction of the ship was obtained from the standard 
compass and, after correcting for compass error and" 
magnetic variation, the apparent wireless bearing of 
the distant transmitting sta^iong could he obtained. 
A large number of observations on various transmitting 
stations were taken in this manner. 

. The earlier experiments soon showed that the metal 
work of the ship had a considerable effect on the 



182 


jMITH-^OSE AND BARFIELD: THE EFFECT OF LOCAL CONDITIONS ON 


olteerved readings of the direction finder It was 
stiSSS ^ " '^aUbrate ’> the ship by graduaUy 

Ss ^taking 
station ®anngs on the same transmitting 

wem successive swings 

Homea ^5 wave), and 

J. ig. 1 (a) plotted in the form of error of bearing against 

I ” I "*-1 

the nr+n <i®viations against 

the ship.^ direction of the incoming waves relative to 

conditions under which the 

in+tir mean curves plotted, and the 

foUowing points :— 

a J!; ^“at vdien the arriving waves come from either 
pproximately fore and aft or athwartships, the error 
m the readmg is reduced to zero. 


+Z0 

+16” 


+ 12 ,”' 


?+ eP 


sinusoidal. The departure of the curve in Fig. 1 (& 
from sin^-wave form may easily be due to the dep^irture 
of the general shape of a ship irom the above ideal 
form. 

It would be expected from these theoretical con¬ 
siderations that a directional receiving set mounted 
symmetrically over a metal ship would have a zero 
error for readings of 0^ 90®, 180®, etc., whereas the 
above curve is displaced some 5® or 6® from these 
positions. As the setting of the coil on the ship was 
considered to be correct to within 1®, this difference 
may be due to some as 3 nnmetry in the distribution of 
the metal work on the ship, particularly on the deck. 

The above results show, therefore, that when the 
mass of metal work is very large compared with the 
receiving coils, as in the case of a ship, the resulting 
errors in the observed bearings on the direction finder 
may be very serious^; although, when the set is fixed 
in position on the ship, the necessary correction may 
be made from such a curve as tllat given in Fig. 1 {a). 
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(ii) That in intermediate directions the results are 
in^eiTor by amounts varying up to 22“ in either 
direction. 

(iii) That there is a tendency for the readings to 
be concentrated along the fore-and-aft line of the ship, 

(iv) That there is no appreciable difference in the 
error incurred on the different wave-lengths used, 
viz, 3-2 and 4*5 km. 

Conclusions (i), (ii) and (iii) above are in direct 
accordance with the experience of previous investigators. 
Further experiments on other transmitting stations have 
confirmed conclusion (iv) over the range *of 2*6 to 
(6*0 km. 

The theoretical treatment of the deviations of electro¬ 
magnetic waves due to a metal cylinder half immersed 
in sea water has beeip^ gbren by R. Mesny,* who shows 
that the deviation curve for such a case should be 


* R. Mesny: '*The Diffraction of the Field hy a Cylinaer 
and its Effect on Directive Reception on Board a Shin.’^ J^adio- 
RtiUew, 1920, vol. I, pp. 532 and 691, 


(d) Undeyground metal work,—The effect of masses 
of metal work in producing large errors in the reading 
of a radio direction finder may in some instances be 
utihzed for the location of such metal work, wheh the 
latter is not visible or when its presence is not readily 
cfetected by other means. An interesting example of 
tWs was recently obtained at the Aberdeen University 
direction-toding station , of the Radio Research Board. 
This station was erected on a site which appeared to 
be fairly good as far as conditions above ground-level 
were concerned, but when it was operated some large 
errors were soon found in the apparent directions of the 
incoming waves. These errors were found to be prac¬ 
tically permanent in the daytime, and Fig. 1 {c) shows 
grapMcally the mean day errors experienced in the 
daytime between June 1921 and April 1922. From 
a comparison of this and the previous curves it will 
readily be seen tha^ one possible cause of such a curve 
of errors would be the existence of a mass of metal 
work the greater axis of which is in the direction 163® 
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from true North, and passing directly beneath the 
<iirection finder. 

By means of a pckable directional receiving set the 
authore explored the site and found that the errors 
were closely associated with a line of manholes indicating 
the location of a sewer crossing the adjacent fields at 
an angle of 170^ from true North. The hut containing 
the standard direction-finding set was inadvertently 
erected almost directly above this sewer at a point 
where the latter rose to within 18 in. of the surface. 
The sewer was of ordinary brick and concrete construc- 
non and contained no metal work except at the man- 
holes, and it seemed unhkely that this could be respon¬ 
sible for the effects observed. An inspection of the 
necessary plans, however, showed that the part of the 


is the presence of overhead conducting wires. From 
the conclusions arrived at in Section (1), it might be 
considered that a bunch of sueh wires, being of com¬ 
paratively small bulk, would produce only small errors, 
and these only at distances of a very few feet from 
the wires. The experiments about to be described, 
however, show that when the wires extend for a con¬ 
siderable distance the effects produced in their neigh¬ 
bourhood can be very large indeed. 

It should here be emphasized that, in any attempt 
to study the effect of a local condition on a directional 
radio installation, every precaution must be taken that 
other conditions are either ineffective or else remain 
constat throughout the experiments, ^e fulfilment 
of this provision was found to be somewhat difficult 



Fig. 1 (c) .--.Curve shomng permanent deviations in bearings at Aberdeen University direction- 
nnding station. Mean day error observed from June 1921 to April 1922! 


sewer in the immediate locality of the direction-finding 
hut Was a section of special construction, owing to its 
proximity to the surface, was supported by a strip of 
expanded steel 6 ft. wide and 300 ft. long, and waip 
S, ft. below the surface at the hut. In addition to this, 
the sewer crossed a small stream at a point about 
14; ft. from the hut, and the stream was conducted 
under the sewer by means of an iron pipe about 40 ft. 
long. The existence of this metal work entirely 
beneath the surface may therefore be considered to have 
been predicted from the readings obtained on the radio 
direction finder. It'is to be expected that other large 
ma^es of buried metal work, such as gas and water 
mains, will have similar effect in their vicinity, 

(2) Overhead Wires. 

A possible cause pf errors which is frequently en¬ 
countered in selecting a site for a direction-finding set. 


in the present case, where a convenient situation of 
overhead telegraph wires was required quite free from 
hills, trees, wire fences, etc., which might produce other 
effects quite extraneous to those sought after. 

One fairly satisfactory site was, however, found near 
the Slough station, and a number of experiments were 
carried out with the small frame coil mentioned •in 
Section (1) in connection with the metal tube e^qperi- 
ments. The site selected was on the main Bath-road 
about 1 mile east of Slough, along which are*installed 
a large number of overhead trunk telephone wires 
connecting London with the* West of England. About 
40 wires were carried on poles along each side of the 
road, the lowest wires being abouti^O ft. abore the road. 
With the exception bf a hedge along either side of the 
ro|d, the surrounding land was quite free from obstacles, 
.and a point was chosen at which a track led off to 
the South, approximately at right-angles to the rosid, 
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and along which the experiments could be carried 
out. 

The frame coil was first set up immediately under¬ 
neath the wires along the south side of the road and 
correctly oriented in the geographical meridian. Read¬ 
ings^ of the apparent bearings of various transmitting 
stations were then taken in the usual manner. It was 
at once noticed that the readings obtained were con¬ 
siderably different from the correct values, and it was 
also noticed that the bearings changed considerably 
from time to time during the tests. For example. 

Table 2. 


Change in Apparent Bearings due to Two Sets of Overhead 
Wires (38 and 46 in number), laid in the Direction 
121 from True North, 


Distance 
Jrom 
plane of 
wires 

« 

station 

observed 

- 

Wave- 

lengUi 

Mean observed 
beaiingr 

TVue 

bearing 

Error due 
to wires 

ft 


km 

degrees 

degrees 

degrees 

0 

Paris 

2-6 

(1) 272-3 

143-9 

+ 128-4 




92-3 


- 

51-6 

0 

Paris 

2-6 

(2) 249-0 

143-9 

+ 106-1 




69-0 



74-9 

30 

Paris 

2-6 

169*3 

143-9 

+ 

16-4 

60 

Paris 

2-6 

160-8 

143-9 

+ 

6*9 

90 

Paris 

2-6 

147-8 

143*9 

+ 

3-9 

120 

Paris 

2-6 

146-3 

143.9 

+ 

2-4 

0 

Paris 

3-2 

171-6 

143-9 

+ 

27-7 

90 

Parii|, 

3-2 

146-9 

143-9 


2-0 

120 

Paris 

3-2 

* 146-6 

143*9 

+ 

1-4 

0 

Nauen 

3-9 

86-6 

77-7 


12-2 

90 

Nauen 

3-9 

74-8 

77-7 


2*9 

120 

Nauen 

3-9 

73-6 

77-7 

— 

4-2 

0 

Chelmsford 

3*8 

(1) 41-0 

70-9 


29-9 

0 

Chelmsford 

3*8 

(2) 36-0 

70-9 


36-9 

60 

Chelmsford 

3*8 

63-6 

70-9 


6-0 

120 

Chelmsford 

3-8 

65-0 

70-9 

— 

6-9 

0 

Coltano 

4-2 

116-0 

132-6 

— 

17-6 


the apparent bearing of Paris, after remaining in the 
region of 90° for about 10 minutes, suddenly changed 
to^about 66°, returning a few minutes afterwards to 
86 , the true bearing of Paris being 143-9°. These 
effects were confirmed by simOar tests made several 
days ^terwards, when the bearings reached as low 
as 46 . ^Similarly, Chelmsford's bearing during the 
experiments varied from 36° to 42°. A possible cause 
^of these rapid changes is the alteration of circuit con¬ 
ations on the telephone wires at the various exchanges 
to which they are connected. 

Having observed tjie effect of the wires immediately 
beneath them, the receiving set was then moved away 
frorn the road in steps of 30 ft., and the apparent 
hearings of the various stations were taken at each 
stege. A summary of the results obtained is given 


in Table 2, each observed bearing being the mean of 
several readings taken during the experiments,' All 
readings were taken in duplicate, ^with the coil in the 
normal and reverse positions to compensate for any 
antenna effect in the system which was*, however, only 
of the order of 1°. The readings denoted by (1) and (2) 
were taken on different days in the same position. • 
These results show that errors ranging from 12° to 
70 may be produced on a direction-finding coil mounted 
immediately underneath telephone wires some 20 ft. 
Mgh. The errors produced diminish rapidly as the coil 
is moved away from the wires, but, even at the distance 
of 120 ft. from the line of wires, the errors may be a 
few degrees. Atr,this distance of 120 ft. the effect of 
the wires on the bearings of Paris was practically 
negligible, as the error of 1*4° recorded above is exactly 
the same as that experienced on the standard set at 
the Slough station, about 1 mile away frcm the site 
of the present experiments. As the latter set is 
mounted in what is considered a nearly " ideal ** site, 
this error must be due to some extraneous cause. The 
increase in the error on Nauen, when the coil is moved 
from 90 ft. to 120 ft. from the wires, also suggests the 
operation of some cause other than overhead wires; 
possibly the neighbouring trees, although there were 
only one or two of these within a radius of 100 yards 
or so. 

The explanation of the above effects must remain 
very obscure, since it is impossible to realize the con-. 
formation of the circuits of the telephone lines at any 

Table 3. 


Change in Apparent Bearings immediately beneath the 
Wires. 



Station observed 

True bearing of 
station relative 
to^wires 

Deviation 
of observed 
bearing 

Coltano 

Paris (2 ■ 6 km) 

Paris (3-2 km) .. 
Chelmsford.. 

Nauen 

degrees 

6-0 

16*4 

16-4 

303-4 

310-2 

degrees 

- 17-6 

r -61-6 

-1- 27-7 

- 29-9 

- 12-2 



particular instant. In one sense the overhead wires 
^Siay be pictured as constituting the top side of a huge 
vertical frame, of which the earth forms the lower 
side, and the vertical sides are formed by the con¬ 
nections to earth at the various exchanges. An electro¬ 
magnetic wave arriving at an angle to the plane of this 
large frame would suffer a partial absorption of that 
component of its magnetic field perpendicular to this 
plane, and the resultant field would therefore affect 
a direction-finder coil by giving an apparent direction 
defiected towards the normal to the plane^ of the wires. 
In Table 3 the results obtained immediately underneath 
the wires are collected, and the true direction of the 
station is given reJLative to the wires. 

Shown in this manner it is seen that, in the*'case of 
Paris (3*2 km), Chelmsford and Nauen, the apparent 
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direction is deflected towards the normal to the plane 
of the wires. Paris, on the 2*6 1cm wave, showed 
Some freak eflects in ilie experiments and was evidently 
subject to some other influence, possibly a resonance 
condition in the overhead line circuits. At points away 
from the wires, as shown in Table 3, it exhibits effects 
similar to those obtained with the 3*2 km wave, and 
is thus in accordance with the above reasoning. The 
waves from Coltano arrive nearly along the direction 
of the wires, and are apparently deflected in the wrong 
direction. It should be remembered, however, that 
the overhead wires are not straight over any appreciable 
portion of their route, and, in fact, suffer a large 
deviation within J mile on both sides of the site of the 
experiments described. The '' effective plane of the 
wires may therefore be several degrees different from 
their direction at any particular point, and this may 
easily account for such discrepancies as that presented 
by Coltano. ® 

Some later experiments were carried out under a 
line of 12 wires, branching off the above main route, 
at about the cenire of their run of less than ^ mile. 
In this case deviations of bearings ranging from 8® to 
31*4® on a few stations were observed underneath the 
wires, these errors decreasing to from 1® to 6*4® at a 
point 60 ft, away. It would thus appear that the 
errors produced are not directly influenced by the actual 
number of wires near the site, but depend on the con¬ 
ditions of a wfiole circuit of wires, wliich may extend 
over several miles. 

It is thus seen that the presence of overhead metal 
wire^ in the neighbourhood of a directional wireless 
receiver may produce very serious errors on the latter, 
eveji at a distance of 100 or 200 ft. 

(3) Aerial Systems and Closed Coii-s. 

A comparatively short overhead wire system such 
as that of an ordinary^ open '' radio-telegraphic aerial 
would naturally be considered to have a much greater 
influence on the readings of a direction flnder when it 
is tuned to fixe incoming waves. In this case the 
possibility of an additional field due to re-radiation or 
induction from the aerial is not remote. A. H. Taylor 
drew attention to this possibility in some experiments 
which showed that the tuning-in of a neighbouring 
a^aJ, some 20 ft. away produced no effect on the 
direction-finder coils unless the aexial lead was brought 
to within 8 inches of the latter, when a change of 3 • 8® 
in the apparent bearing was produced.* '' 

An instance of a much greater effect than this is 
also quoted by Hollingworth and Hoyle,t in wliich the 
tuning-m of an aerial ^ mile away produced an error 
of about 4®, but only when the aerial was almost exactly" 
on the line joining the transmitter and the direction 
finder. 

At the spot chosen for the erection of the direction- 
&ding set at, the National Physical Laboratory, two 
single-wire aerials^ were originally suspended from a 
mast some 300 ft. away from the set (see Fig. 2). The 

nf*T “ Variation in Direction of Propagation 

of Soientific^Papm of the Bureau 

t Seefootaote on page 179 
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nearer of these aerials, however, paased within about 
40 ft. of the coils at the nearest point of its length of 
360 ft. One of the aerials wa» constantly tuned to 
the short wave-length of Paris (2 • 6 km) for the reception 
of time signals, while the other and nearer aerial was 
usually directly connected to earth. It was shown 
by the daily observations made on the direction-finding 
set that the mere existence of these aerials, proved by 
their subsequent removal, made no appreciable differ¬ 
ence in the observed bearings. 

Before their removal, however, the opportunity was 
taken of making a few experiments on the effect of 
tuning the aerials. The experiments were made by 
setting one observer to take readings of the apparent 
bearing of the transmitting station at regular intervals 
of 1 minute, while the aerial was alternately tuned to 
the incoming waves and then connected to earth at 
intervals without the knowledge of the abqye observer. 
In this manner a number of readings taken with the* 
aerial tuned were interspersed with the readings taken 
with the aerial earthed. Observations were made in 
this manner for several successive days, and, by taking 
the mean of each set of readings, a fairly reliable average 
bearing was obtained for each condition of the aerial, 
independent of any small day variations. The results 
obtained are shown in Table 4. 

Table 4. 

Effect on Observed Bearings of Tuning a Neighbouring 
AeriaL 


station 

observed 


Palis . 
Paris . 
Horsea 


Wave¬ 

length 

! 

With aerial 
earthed 

With aerial 
tuned ^ 

Difference 
due to 

No. of 
obsvns. 

Mean 

bearing 

No. of 
ol^vus. 

Mean 

bearing 

tuning 

aedal 

km 1 
2*6 1 

8 

degrees 

144*6 

8 

degrees 

144*5 

degree 

- 0*1 

3*2 * 

26 

145*0 

27 

144-9 

- 0*1 

4*5 1 

1 

32 

218*4 

28 

217-8 

- 0*6 


In the case of the observations on Paris both the 
above-mentioned aerials were adjusted, as it was 
obsei*ved that the effect with one was very small. It 
is seen from Table 4, however, that the total effect 
of both aerials is only to produce a change in bearing 
of about 0*1®, and this result is consistent for both 
the wave-lengths used by Paris, although the actual 
bearings on these two wave-lengths differ owing to 
other causes. For the Horsea observations, however, 
only the nearer aerial could be brought into resonanoe,* 
and this operation is seen to produce a change of 0.6® 
in tlie apparent bearing. This increased effect may 
have been due to the fact of the latter waves being 
continuous, as distinct from^the damped waves used 
in the Paris transmission, ancl the effect also probably 
depends upon the relative directions of the aerial and 
the incoming waves, 

A new and much larger multi-ware aerial just erected 
at Jhe National Ph>*sical Laboratoiy has been found 
produce an alteration iii the bearing of Paris of 4® 
to 6®, when tuned to the. same wave-length, althou^ 

13 
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where the curr^,* mi . ^®3.ding-in wire of the aerial, 
300 ft awav TT ^a-turally be a maximum, is about 

on tJL eS. ^ experiments wiU be carried out 

of ? dK^t 1 ^ readings 

“ a manner similar to a tuned 
question arose from the necessity 
the Robinson sets at Teddington in 

the same hut, about 80 ft. apart. Several fets of 

When the single coil was brought up to within 10 ft. 
of the ^direction finder, the error produced in the 
bearings on the latter ranged from 1® to 2® on Paris, 
and from 0*6® to 1*8® on Nauen. The bearing was 
changed immediately the coil was tuned, there being 
no apparent error due merely to the presence of the 
coil, when this was either on open circuit or short- 
circuit. The bearings on the direction finder might, 
however, be appreciably affected by the presence of 
an open coil when working near the natural wave- 



Fiq. 2.—Plan of neighbourhood of wireless hut at the Kational Physical Laboratory. Teddington, showing aerials 

and positions explored in ^ding the effect of trees. 


simuftaneons obervations taken on these two sets, 
li6wcver, failed to show any consistent error at either 
due to the presence of the other. Some further experi¬ 
ments ^ere later carried out on the e^eeJt of a large 
single-frame coil, 5 ft. square, placed at various distances 
from tlie standard direction-finder set. In each posi¬ 
tion tlie effect was tried of short-circuiting the coil and 
of tuning it to the incoming waves, while observations 
were madd on the Rot^nson set. With a distance of 
ft. between the coils the effect of tuning produced 
an error in the mean bearings of only 0 • 1®. "^^en^the 
distance was reduced to 18 ft. the effect was variable 
for different stations but was never greater than 0*5®* 


length of the latter. The possibility of this was well 
detaonstrated in one case where a partly-wound frame 
stood some 6 or 8 ft. from a direction finder and pro¬ 
duced an error of nearly 4® on the readings of the latter 
on certain wave-lengths. The error disappeared when 
the frame was removed to a distance of 30 ft. 

It was not considered profitable to carry out further 
experiments on the effect of tuned coils in the neigh¬ 
bourhood, for instance, the variation in the error with 
the change in orientation of the coil relative to the 
direction-finding set, etc. The results were ^sufficient 
to justify the practice in accurate working of keeping 
all frame coils at least 100 ft, from a directional receiving 






RADIO DIRECTION-FINDING INSTALLATIONS. 


187 


set, especiaJly if both sets of coils axe in operation 
simultaneously. 

(4) Trees. 

It has been known for some considerable time that 
the presence of trees has a considerable effect on the 
jJropagation of electromagnetic waves. Duddell and 
Taylor in some experiments* carried out in Bushy 
Park in 1906 showed that the presence of clumps of 
trees between a radio-telegraphic transmitter and the 
receiver considerably decreased the signal strength at 
the latter. 

More recently also Squier f has shown that growing 
trees can be used very effectively ^ aerials for the 
reception of signals over long or short distances. 

A large tree may thus reasonably be regarded as 
being equivalent to a vertical aerial in which oscillatory 
Currents are induced by the arriving electromagnetic 
waves, and these currents may gjve rise to secondary 
effects due to induction or re-radiation. Since, however, 
the tree will possess a fairly high resistance, and it is 


the receiving set, and the remainiirg buildings are at 
more than 3 times this distance. There are no overhead 
wires in the neighbourhood, and> the effect of the aerials 
has been dealt witli in the previous section. As, how¬ 
ever, the nearest trees are within 40 ft. of the receiver 
it was thought that these might account for some of the 
permanent errors experienced at Teddington. 

While maintaining set No. 1 fixed in position and 
taking frequent check-bearings therewith, a second set 
No. 2 was placed successively in the various positions 
indicated by II, III, IV, etc., in Fig. 2, and bearings 
were taken on two or three well-known fixed stations. 
In the first series of experiments the changes in position 
were fairly large, as indicated in the figure. A sum¬ 
mary of the results of the bearings observed in each 
position is given in Table 6, Check-bearings were 
taken simultaneously on set No. 1 in a fixed position, 
and these showed a variation during thq experiments 
ranging from 0-1® to 0*4®. The mean variation durin’g 
each experiment was applied as a correction to the 
mean observed bearing on set No. 2 in each position. 


Table 5. 


station 

Paris (2*6 km) 

Poldhu (2*8 km) 

Paris {3’2 km) 

Nauen (3’9 km) 

Position of 
set No. 2 

Mean observed 
• bearing 

Departure of 
observed from 
true bearing 

Mean observed 
bearing 

Departure of 
observed from 
true bearing 

Mean observed 
bearing 

Departure of 
observed from 
true bearing 

Mean observed 
bearing 

Departure of 
observed from 
true bearing 

II* 

III* 

IV* 

V* 

VII* 

vlt 

degrees 

144-7 

146- 7 

147- 9 
147-0 
146-9 
141-7 

degrees 

• - 1-0 
+ 1*1 
-I-2-3 
+ 1-4 
+ 1-3 
- 3-9 

degrees 

249-0 

249- 7 
260-1 
247-1 

250- 2 
260-2 

degrees 

+ 1-3 
+ 2-0 
+ 2-4 
— 0-6 
+ 2-5 
+ 4-6 

degrees 

146-0 

146- 1 

147- 2 
146-3 
146-0 
141-6 

degrees 

- 0-6 
-I-0-6 
-1- 1-6 
+ 0-7 
+ 0-4 
- 4-1 

degrees 

76-7 
78-4 
78-1 • 
76-2 
. 78-6 
78-2 

degrees 

+ 0-3 
+ 2-0 
-f.1-7 
- 0-2 
+ 2-1 
+ 1-8 


* The figures refer to the positions in Fig. 2. 


naturally an untuned circuit for most wave-lengths, 
the presence of single, isolated trees would not be 
expected to have much effect on a direction-finder coil 
unless placed in very close proximity to the trees. 
With large masses or clumps of trees, however, a 
cumulative effect may be produced in regard to the 
secondary field, which may give rise to serious errors 
at a directional receiving installation. 

Experiments were therefore carried out in tlie 
grounds of the National Physical Laboratory to obtain 
some knowledge of the magnitude of tlie effect of 
neighbouring trees on a direction finder. A plan view 
of the scene of tliese experiments is shown in Fig. 2. 
The position of the standard direction-finding set at 
Teddington is indicated by the point I in one comer 
of a large, open field bounded on the south and east 
by large masses of trees, and on the north and west 
by residential buildings and the Laboratory buildings, 
respectively. The nearest building is some 200 ft. from 


Duddell and J. E. Taylor: “Wireless Teleffraph 
M^^^ents, Journal I.E.E,, 1906, vo^ 36, p. 321. ^ ^ ' 


and this mean bearing was then corrected for scale 
errors. The tabulated readings are, therefore, made 
independent of scale error and any change of external 
conditions. The setting of the coil was made in each 
case by the prismatic compass, and is probably reliable 
to about 0*2®. ’ 

These results show very clearly the effect of the 
proximity of the trees. The general trend is for the 
error in the apparent bearing to be progressive for 
positions II, III, IV, VII, and VI, i.e. as the direction¬ 
finder set is taken into the junction of the large amasses 
of trees to the east and south of the field. On •the 
whole the error is a minimum in position Y, which is 
the point# farthest from all the trees, being in fact 
about 300 ft. from the nearest tree. The difference in 
the apparent bearing at positions V and VI is seen to 
be over 6® for Paris and Poldhu, and 2® for Nauenr 
The errors on the latter station are consistently smaller 
than on the others, probably^ dxj^ to the fta.ct that the 
waves from Nauen (POZ) come across the open field 
t(j the receiver, while those from Paris (FL) and -Poldhu 
(MPD) come directly through the trees, as indicated 
in Fig. 2. 
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Owing to the varied distribution of the trees, it is 
somewhat difficult to draw any conclusions more 
definite than the above. For example, the change in 
sign of the error on Paris in positions II and III, and 
VII and VI is probably due to the actual path of the 
waves through the trees. The bearing on the long wave 
of Paris is seen to be consistently lower than that on 
the short wave, although it varies somewhat for the 
different positions. It is possibly partly due to instru¬ 
mental eiror, or to some other influence more remote 
from the receiver. 

The inciease in the error obtained when the direction 
finder is taken much closer to the trees was well 



Fig. 3.—Investigation of the change in the observed bearing 
Fig neighbourhood of position VI (see 


Table 6. 

Ohservatihns made on Paris Signals^in the Neighbourhood 
of Trees. 


Position of 

Mean observed 

Difference of observed 

Set No. 2 

bearing 

from true bearing 


[ 

degrees 

degrees 

VII 

146-9 

+ 1-3 

VIII 

146-6 

+ 1-0 

IX 

147-6 

+ 2-0 

X 

148-1 

-f 2-2 

XII 

146-9 

+ 1-3 

XIII 

1 146-7 

_l_ 1.1 

XIV 

144-6 

- 1-0 

XI 

138-7 

- 6-9 

VI 

141-9 

- 3-7 


a very slight change in the position of the receiving 
set. Thus, at positions X and XI (only 75 ft. apart) 
the difference in the observed bearings is 9-1°. These 
large changes are probably due to the difference in 
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Fig 4.— Site of experiments on. trees at Bristol University. 


demonstrated by the second series of experiments, 
which were confined to c^bservatipns made on Paris 
and carried out between positions VI and VII on a line 
approximately in the direction of Paris, as shown in 
Fig- 3. Tl*se positions fere all within about 300 ft. of 
the trees, and the results obtained (duly corrected as 
above)* are given in Table 6. 

^ The most noticeable point about these latter results 
IS -the extent to wliich the bearing may change for 


phase effects of the inductive fields from the different 
trees. The two sets of experiments thus demonstrate 
quite well that the presence of trees within about 
300 ft. from a direction-finding installation may produce 
quite large,^ measurable errors in the* readings of the 
latter. As it is possible that the error may vary with 
the changing state ©f the trees at the different seasons, 
the error may be a variable one and hence is to be 
avoided if possible. 
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Further observations upon the effect of trees, _^At the 

request of one of the ^authors, Mr. M. G. Bennett, B.Sc., 
the observer at the Radio Research Board ]3irection- 
Finding Station at Bristol University, has carried out 
some experiments on the effect of trees on wireless 
l^arings. The standard directional receiver at Bristol 
is erected on the top floor of a stone tower, about 60 ft. 
above the ground. The tower is practically surrounded 
by ^ees within a radius of 60 to 100 ft., and those in 
. the immediate neighbourhood of the tower were pruned 
to a height less than that of the receiver. All metal 
work was removed from the tower previous to the 
erection of the set. 

A plan of the tower and its surroj^ndings is shown 
in Fig. 4. In addition to this set, a small single-frame 
coil receiver was used for observation of hearings in 
two positions on the ground : (1) at the base of the 
tower, and (2) in the wooden summer-house (shown in 
Rg. 4) about 75 ft. away from the^’tower. The orienta¬ 
tion of these coils was* carried out by means of a theo¬ 
dolite and is correct to within 0*26®. 

Observations were made on several transmitting 
stations for two or three days in each position, and a 


-—- 3 - 

referred to earlier in the paper. Further changes could 
probably have been produced by other movements of 
the receiver, but this was not considered to be justiflable 
owing to the scattered positions of the trees. It was 
not possible to make any observations with the receiver 
erected in a clear position on either side of this clump 
of trees, owing to the intervention of other obstacles, 
e.g. iron buildings, overhead wires, etc. 

It is perhaps significant that in the majority of cases 
in the above table the most accurate "bearings were 
obtained at the top of the tower, a result to be expected 
since the induced current in the trees (and hence the 
resulting field) will be a maximum at the base. 

(5) Buildings. 

It has long been known that large buildings, hills 
and mountains act as partial obstacles to the passage 
of electromagnetic waves, and the tendericy is for the 
latter to be deviated around tlie obstacle. A directional 
radio receiver in the neighbourhood of such obstacles 
would therefore be expected to give some erratic; results. 
If the building, moreover, contains an appreciable 
amount of metal work in its construction, such as 



^Fig. 6.-«-Plan and dimensions of “ A'' shed. Royal Aircraft Establishment, Famborough. 


summary of these results is given in Table 7. All the 
results obtained are correct to about 1®. 

Table 7; 


Effect of Trees on Observed Bearings at Bristol, 


station 

observed 

Wave¬ 

length 

True 

bearing 

Observed bearings 

Max. 

At top 
of 

tower 

At base 

tower 

In sum- 
|mer- 
house 

in 

observed 

bearing^ 


km 

degrees 

degrees 

degrees 

degrees 

degrees 

Paris 

2*6 

127-8 

127 *6 

127-3 

128-7 

1-4 

Paris 

3-2 

127-8 

126-7 

127-2 

129-3 

2-6 

Poldhu .. 

2*8 

230-6 

230-6 

232-9 

229-3 

3-6 

Nauen .. 

3*2 

77-0 

76-7 

78-7 

70-0 

8-7 

Qeethorpes 

4*0 

36-9 

37-2 

_ 

36*2 

1-0 

Moscow ., 

5*0 

63-8 

63-8 

— 

64-7 

0-9 


The results, are sufficient to show that comparatively 
large changes in apparent bearing are produced by a 
small change in position of the directional receiver, 
thus confirming those obtained at Teddington and 


steel girders, lead or iron roof, etc., an error will result 
due to their presence, as discussed earlier in the paper. 
The effect of working inside a building was well demon¬ 
strated in one case, where the receiving set was tem¬ 
porarily erected in one of the University laboratories 
for the purpose of making practice observations. The 
errors in the readings obtained ranged up to mbre 
than 30®, whereas when the set was removed to its 
final position in an open field less than J mile away, 
the maximum permanent error experienced was 2*8®. 
In another case, however, where the set was erected 
at the top of a stone tower about 60 ft. high, from*which 
all the metal work had been previously removed, the 
maximum deviation error experienced was about 3®. 

Experimmts in a large iron shed. —^As a special case 
of the effect of a building on observed beatings, the 
results of the following exj^eriments carried out in a 
kite-baUoon shed at the Royal Aircraft Establishment,* 
Famborough, are of considerable interest, 

A systematic investigation was^ carried to deter¬ 
mine the direction of the resultant field inside the shed 
hy^ the same method employed in the investigation on 
Jbhe effect of trees and other experiments already 
described. A plan of the shed showing the positions 
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where observatioiK were made is shown in Fig. 6. 
Although only a rough estimate could be made of the 
strength of the signals received, some marked variations 
were noted in the different positions employed. It 
was found that at the centre position 1 the reduction 
of signals was very great, but that as either end was 
approached the strength of signals became steadily 


attamed. Position 6, however, some 40 ft. from the 
blind end gave signals which were obviously much 
stronger than those at any other position. There 

Table 8. 

Apparent Bearings observed at Centre of Shed, 
Position 1, 


Station 

observed 


Paris 

Paris 

Nantes 

Horsea 

Poldhu 

Moscow 

Nauen 


Wave¬ 

length 


km 

2*6 

3*2 

2.8 

6-0 

2-8 

6-0 

5-0 


True 

bearing 


139*8 

139*8 

188*0 

202*0 

248*0 

64*0 

76*6 


True bearing 
relative to 
shed's axis 


Error in 
observed 
bearing 


47*8 
47*8 
96 
110 
166 
332 


343*6 


+ 12 * 
+ 15*0 

- 14*0 

- 8*0 
+ 0*3 
- 6*0 
- 13*6 


appears to ^ no obvious reason for this, but it is 
suggested that the curved end might have had some sort 
of fo^smg action on the waves. No change in signal 
strength could be detected on opening or closing the 

positions explored. 

The influence of the shed on the apparent bearing 
of the station observed was carefully recorded in each 
case, and is here given in Tables 8 to 11 
It wa^ thought most suitable to limit the positions 
explored to points on the long or short axes of the shed. 

nw apparent bearings 

observed at the centre of the shed, indicating that the 
incoi^g wav^ are deflected towards the perpendicular 
o he sides of the shed; the deflection varying from 


In Table 9 the effect at different positions along the 
long axis of the shed is shown, signals from Paris only 

Table 9. 

Bearings of Paris {both Wave-lengths) taken on Axis 
of Shed, 


Posi¬ 

tion 

No. 

Distance 
from 
door of 
shed 
(E end) 

Error In observed bearing 

Change in 
bearing ou 
opening 
door 

(a) with door closed 

(6) with door open 


ft. 

degrees 

degrees 

degrees 

6 

3 

- 21-3 (2-6 km) 

- 1*6 (2-6km) 

+"19*7 

4 

12 

-120^ (3-2 km) 

- 14-0 (3*2 km) 

+ 6*8 

2 

1 40 

— 19*8 (2*6 km) 

- 16-8 (2-6 km) 

+ 4*0 



12*6 (3*2 km) 

— 

1 — - 

3 

60 

- 3*8 (2-6 km) 

— 

_ 



+ 7*4 (3.2 km) 

— 

___ 

1 

180 

+ 12*2 (2*6 km) 

+ 11*9 (2*6 km) 

- 0*3 



+ 15*0 (3-2 km) 

— 

, —, 

6 

320 

— 28*3 (2*6 km) 

- 27*7 (2-6 km) 

+ 0*6 


Table 10. 

Bearings of Other Stations taken on Axis of Shed. 


Position 

No. 

Distance 
from door 
(£ end) 

station 

ih 

1 

ft. 

180 

Poldhu 

6 

320 

Poldhu 

2 

40 

Coltano 

6 

320 

Coltano 

1 

180 

Horsea 

2 

40 

Moscow 

1 

180 

Moscow 


Error in ooserved bearing 


(a) with door 
closed 


degrees 

+ 0*3 
+ 4*6 

- 3*0* 

- 24*6 

- 8*0 , 
+ 26*0* 
- 6*0 


(h) with door 
open 


degrees 

+. 

+ 26*0* 


* Indicates night reading. 

being observed. These results show that at positions 
other than the centre the apparent bearing is deflected 



PtG. 6.-True and apparent bearings of Paris at various positions on the axis of the shed (see Table 9). 


0-3 t& 16 , according to the angle made by the incoming 
WOTes Witt the axis of the shed. No effect due tt 
owning the door was observed on any of the stations. 


towards the axis of'the shed. The effect is mor^ clearly 
seen in Fig. 6. 

Table 10 shows the same effect occurring on. a few 
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other stations which were observed, thus demonstrating 
that the results for Paris are repeated for otl^er direc¬ 
tions. 

Table 11 gives the results of exploring positions 
along the lateral axis of the shed, showing that for 
positions north of the long axis the rotation of the 
apparent bearing is greater than at the cenhe, while 
in the southern positions it is considerably less. It 

Table 11. 


Bearings of Paris taken on the Lateral Axis of the Shed. 


Posi¬ 

tion 

Distance 
from N side 

Error in observed bearing 

No. 

of shed 

(«) with door closed 

(b) with door open 

11 

10 

9 

1 

7 

8 

ft. 

14 

24 

39 

54 

69 

84 

degrees 

+ 14*0 (2*6 km) 
+ 16-9 (3*2 Ion) 
+ •17-7 (3*2 km) 
+ 18*1 (3*2 km) 
+ 12*2 (2*6 km) 
+ 15*0 (3*2 km) 
+ 4*6 (2-6 km) 
+ 0*2 (2*6 km) 
- 1-2 (3*2 km) 

degrees 

+ 15*0 (3*2 km) 

-f 11'9 (2'6 km) 

■f 3'7 (2-6 km) 

12 

133* 

+ 16-2 (2-6km) 



(26 ft. be¬ 
yond S side 
of shed, i.e. 
outside) 

+ 17-2 (3-2 km) 



should l)e pointed out, however, that there are two 
parallel lines of iron pillars supporting the shed and 
that in Positions 7, 8, 10 and 11 they are near enough 
to the direction finder to affect seriously the readings 
obtained. 

Position 1^ in Table 11 was outside the shed about 
26 ft. from the south side (see Fig. 6): it will be seen 
that here too there was a considerable rotation of the 
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apparent bearings towards the perpendicular to the 
side of the shed. 

A brief survey of aU the reSults obtained in these 
experiments shows that, in general, the apparent bearings 
of the incoming signals are rotated towards the normal 
to the nearest plane surface by an amount which 
increases as that surface is approached. Fig. 6 clearly 
shows this. The slight departure from this rule shown 
in Table 11 may be easily accounted for by the pillars 
already referred to. 

In addition, it was proved that the opening of the 
large doors had a scarcely noticeable effect on the 
bearings, except when the set was very close to 
(when the result was merely what would have been 
predicted by the above theory), and had no effect at 
aU on the stren^ of the signals. This seems to show 
' that no appreciable extra energy comes through tlie 
doors when they are open. 

Conclusions. 

Owing to ^e great variability in the possible nature 
and disposition of the surroundings of a direction¬ 
finding instaUation, it is very difficult, if not impossible, 
to m^e gener^ rules as to the effect of such sur¬ 
roundings. It is believed, however, that the results 
of the investigations given above are of value in aug¬ 
menting the scanty evidence previously eiris tin g as to 
the distortion produced in the propagation of electro¬ 
magnetic waves by various obstacles on the earth’s 
surface. 

The experiments themselves suggest further lines of 
advance, and it is proposed to continue 4hese as soon 
as opportunity permits. 

These investigations were car^jed out for the Hadio 
Research Board by the authors under the- direction 
of the Sub-Committee on Directional Wireless, the 

members of this Sub-Committee being as follow:_ 

Mr. F. E. Smith, O.B.E., F.R.S. [Chairman); Mr. N. P. 
Hinton, B.Sc. ; Mr. C. E. Horton, B.A. ; Captain 
C. T. Hughes, M.C., R.E.; Captain J. Robinson, Ph.D., 
IM.B.E., R.A.F. ^ ]Mr. R. L. Smith-Rose, hl.Sc .! and 
O. F. Brown, M.A., B.Sc. [Secretary), 


Discussion before the Wireless Section, 8 November. 1922 


Robinson t The information contained in 
this paper is of a type that is needed in order to attain 
toe end for which all wireless engineers are stri-vin^, 
namely, that navigators shall have confidence in direc-^ 
tion-finding. The paper shows toe importance of 
choosing toe correct site for direction-finding apparatus. 
An examination of the cause of errors brings several 
points to light. Errors may be produced, as toe paper 
suggests, owing to toe fact that some of toe factors, 
e.g. electric force or magne-tic force, are not in the direc¬ 
tion they a^e generally supposed to be, while, on toe 
other hand, ernp may be due to toe fact that some 
portions of toe waves are reflected, giving, at any 
particular point, an effect of waves arri-ving from one 
stetioB in two directions. That leads us to -one of 
toe experiments described by toe authors. If one 
set of waves comes horizontally, direct from toe trans¬ 


mitting station, and the other is reflected from toe 
Heaviside layer, how are these two sets to be separated ? 
In optics we have the analogy of the telescope, and 
it was thought that it might be possible to have a 
wireless telescope. It is known that for a telescope 
the wave-length should be small compared with* the 
dimensions of the telescope. It is difficult to obtain 
a mirror *or telescope with dimensions mgny times 
greater than toe ordinary wave-length in -wireless, 
which varies from 200 m. to 2 000 m; and toe best 
thing -that can be obtained is an airship shed, toe 
dimensions of which are comparable with those of 
wireless waves. The experiiheifts carried^ out in toe 
Famborough airship shed nnfolrtunately did not give 
the effect of a -wireless telescope. I should like to 
•place on record one occasion where an effect was 
observed which appeared to indicate toe possit^ty 
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of a wireless telescope effect. In an airship shed at wires. In my own case, I was 100 feet from the wires, 

Cranwell signals from Paris were weak, whilst those and, owing to the ground not being Jevel, my coil 

from Nauen were strong. The axis of the shed was was on almost exactly the same level as the wires 

nearly in the direction of Nauen and approximately themselves. The variations obtained were only of the 

perpendicular to the direction from Paris. Present- order of 2°, but they were quite definite jumps ; they 

day direction-finding is based on the assumption that could not be explained by any general physical character- 
the magnetic force of the waves is horizontal. The istics of the atmosphere. There is, I think, no doubt 
paper gives examples which show that when the magnetic that the effects are due to the operation of the telephone 

force is not horizontal the bearings are wrong. In exchanges ; capacities wdiich are quite negligible for 

the case of overhead wires the authors point out that telephone purposes are considerable for wireless 
the magnetic force might be in various directions. purposes. For the latter I have always considered 
In fact, it is probable that at about 100 yards from telephone hues to be practically earthed at the two 
the telegraph wires the magnetic force might be exchanges in the immediate neighbourhood. My own 
horizontal, while it might become almost vertical results were obtained with telephone wires very much 

nearer the wires, in which case the direction-finding shorter, because J mile away from the scene of my 

coil on a vertical axis would give no indication of observations they entered a submarine cable wliich 

bearing. It is to be hoped that the time is not far . was practically an earth for wireless purposes. They 
distant when- the facts set out in the paper will be did not, I think, extend for more than a few miles in 

appreciated and made use of, and when navigators the other direction. I am of the opinion, therefore, 

will know when to expect errors and when to expect that it is the near proximity of wires that caused the 

accurate' readings ; then they will place the same trouble, rather than any particular length of them, 

reliance on direction-finding as they now place on the There is one point which I should like to mention with 

magnetic compass. regard to airship sheds. I have in mind some measure- 

Mr. J. Hollingworth : In observations such as ments made in an airship shed when all the signals 

the authors have made, it is extremely difficult to appeared to enter along the axis of the shed—anexperi- 

modify the face of the earth to suit experimental purposes ence contrary to that obtained by the authors. The 

and to find sites where the only probable disturbing shed in question was larger than that used by them, 

cause is the one required to be measured. Moreover, i.e. about 700 ft. long. It was not systematically 

as the authors state, it is extremely difficult to make explored; observations were not taken all over the. 

calculations, because the sizes and shapes of the objects shed. The fact that a 600-ft. airship containing a 
dealt with are so irregular that it is impossible to great amount of metal work was in the shed, and that 

lay down any mathematical law in regard to them. the coil itself was standing practically on the keel of 

There are ono: or two special points to which I should the airship, may have modified the conditions very 
like to call attention. At the foot of page 179 the much as compared with those given in the paper, 

authors truly remark Tkat in some cases '‘it may be where the shed was empty and it was possible to explore 

necessary to avoid all possible errors at the site of the whole of it. 

the installation.” I am concerned with a rather im- Mr. J. E. Taylor : The paper contains the results 
portant example of that at the moment. When making of a great deal of work, and the most interesting feature 
measurements on an aerial one generally allows for of it, to my mind, is that dealing with variations 

the absorption effect in the immediate neighbourhood, in the apparent direction of fixed stations, which may 

as this is involved in most methods of measuring the be due to local or other causes. The only point on 

effective height, whereas with a coil one usually works which I wish to comment is in connection with variations 

on the area-turns of the coil, in which case nothing is observed to be due to the presence of banks of telephone 
allowed for absorption in the immediate neighbourhood, wires. Of course, it is not strictly accurate to say 
so that whenever a comparison is to be made between that these wires are earthed at the exchanges, but I 
coil work and aerial work it is very important to choose think that Mr. Holhngworth has put that right. The 
an almost perfect site for the coil itself. The authors wires are practically earthed at the stations to high- 
exhibited a slide showing Bushy House. I myself have frequency currents, not as a result of switching opera- 
an apparatus installed there to measure signal strength, ti’ons but due to the fact that they are led-in in cables, 
and there is no doubt that the trees in the vicinity have and therefore for wireless purposes we can regard theipa 
a very" considerable effect. I have frequently noticed as being earthed. I feel rather sceptical, however, with 
that when the trees are thoroughly wet my readings regard to the surmise that changes in the apparent 
are affected, and I think that the trees then form an direction are due to switching operations at exchanges, 
almost complete screen, because most of the signals which in the case of the Slough experiment are probably 
with wliich we have to deal come from the south through quite a distance away from the scene of operations. 

^ big bank of them. I think that may also be the I feel that that point, in common with many others 
reason why the particular aerials shown in the diagram in the paper, is well worth further investigation. I 
do not greatly affect the signals, because, after all, doubt whether the explanation given in the paper is 
they are orf the oppesite side of the receiving set to correct, and it seems to me that it shoistld be a compara- 
the incoming signals. If the set had been put on the tively simple matter to erect on light poles a special 
other side of the aerials, the effect would probably ha^e pair of wires wMcJi would be fixed and not subject 
been very much greater. I can confirm what the. to. switching operations. Such wires must of course 
aufhors say about the sudden change caused by telephone be fairly long, e.g. about 1 mile. If that were done 
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I should not be surprised to find the variations still 
in evidence. ’ 

Mr. C. E. Horton: I was particularly interested 
in the account of the results obtained on the survey 
sliip “Fitzroy.^* In this case the dimensions of the coil 
were small as compared with those of the adjacent 
metal structures, which are for the most part somewhat 
irregular. Under these conditions it seems to me 
rather striking that the curve should approximate 
so closely to the quadrantal type. I was also rather 
surprised to see that its magnitude amounted to over 
20°. Prof. Mesny, who did a good deal of work with 
small coils on board ship, usually found quadrantal 
errors of 8° or 10"^ on small sliips, buf in his case the 
coil was usually placed right aft. I should be glad 
if the authors would give further details as to the actual 
position of tlie coil on the sliip, particularly with reference 
to the funnels. It is stated in tlie {)aper that the quad¬ 
rantal error is independent of the wave-length. So 
long as the metal structure is small compared with 
tlie wave-length, and so long as dielectric currents are 
neglected, that would be, I suppose, in accordance 
with theory; but if the quadrantal error^ amounts to 
20° or more, although it is perfectly constant and can 
in a sense be allowed for, there is some difficulty in 
making use of it. If the reading of the frame coil is 
uncertain to a degree or so, i.e. the amount of correction 
to be applied^is unknown, it follows, I tliink, that 
when the correction changes rather rapidly, as it does 
in this case, the final result, after the correction has 
been made, may be quite* incorrect, in fact, more so 
than the actual uncertainty of the reading itself. It 
follows, therefore, that a large quadrantal error is very 
undesirable. As the efiect of local structures is so 
very important when the coil is small, it seems to indicate 
that what is needed is a system large in comparison 
with structures in tlie immediate vicinity. Under 
those conditiofis a sort of average efiect is obtained, 
and errors due to small structures are very much 
decreased. I am thinking now of the Bellini-Tosi 
system which«appears to offer some advantage in the 
case of a ship, since the area comprised by loops is 
very much larger, and a much better average efiect 
is obtained. The authors remark that the quadrantal 
error curve is sliifted along the axis some 6° or 6°, 
that is to say, whereas one would expect to get the 
zero correction for waves at readings of 0°, 90°, 180°, 
etc., actually there is a small correction of 5° or 6°,q» 
and that is attributed to the effect of small local 
structures. That again, to my mind, seems to indicate 
that what is needed is an aerial system much larger 
than the ordinary frame coil for use on steel ships. 

Major H, P. T, Lefroy ; Errors in direction-finding 
can conveniently be considered under the headings 
uncontrollable and “ controllable," tire latter of 
which can again be conveniently considered under the 
headings " environment" and " apparatus." This 
paper deals with SQ^ie of the errors due to environment, 
and is an interesting summary of investigations carried 
out by the authors for Sub-Committee C of the Radio 
Research Board, in connection with those special errors. 
Their results show that, when siting and constructing 
a direction-finding station, it is best ♦to give a wide 
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berth to all possible causes of distortion, in and around 
the station. As regards lines, ii? ordinary practice one 
has to use electric power and light, and to have a 
telephone. The practical problem then raised is: 
Shall the lines be put underground or run overhead ? 

I noticed that the authors^ lines went past the station 
and did not terminate there, as they nearly always do 
in practice. It would be instructive if - some figures 
could be obtained showing the difference in the errors 
caused by lines buried 3 ft. deep, and lines brought 
in 10 ft. or 12 ft. overhead, as they usually are, and 
terminating at the station itself, I should like the 
authors to say at what time of the year the experi¬ 
ments vdth trees were carried out. From the botanical 
point of view it would be interesting if they could 
take a series of measurements once a week, or once a 
fortnight,at a certaiir definite spot, e.g. position XI,, 
to find out how the errors due to the trees change 
with the seasons and the state of the foliage. 

Mr. G. M. Wright; On page 179 the authors Hismiss 
very summarily the question of night effects by sa3dng 
that " little is known as to the causes producing these 
effects, though much has been sumiised." Mr. Eckersley 
has published a paper ^ on the subject of night effects 
in which he sets forth a theory which, besides being 
reasonable, has the advantage of being well supported 
by the experimental results obtained up to that date. 
Since then, further investigations have been made f 
as to the behaviour of the cardioid diagram of reception 
under the influence of night effects, and these investiga¬ 
tions have afforded the most striking confirmation of 
Eckersley's theory. I know of no other theory which 
has been seriously proposed and examined which 
rests on so sure a basis and is capable of affording so 
complete an explanation. I would also point out that 
the minimum of a cai’dioid diagram remains unchanged 
and correct throughout the most violent night effect 
and affords a practical means of direction-finding 
tinder these conditions. In fact, any directive receiving 
system which presents no unbalanced horizontal members 
to a ray incident in the direction of zero reception is 
capable of being used as an accurate direction-finder 
in the presence of night effect, T should also like to 
draw attention to the similarity of the curve sbo-wn 
in Fig, 1 (6) to a simple sine function. This resemblance 
affords a very easy method of correcting the errors 
when usmg crossed frames in conjuncton with a radio¬ 
goniometer, Hie method was proposed some years 
ago by Captain Round, and consists in placing one 
aeiial in the plane towards which the bearings are 
distorted. A suitable reduction in the receiving power 
of this aerial will then give the required correction. 
Under all or(3inary circumstances iiie correction obtained 
in this way is sufficiently accurate, and no error chart 
is required. 

Adxriiral Sir Henry Jackson : There is a great 
deal more work to be done in this direction, especially 
in connection with short waves? ? think thJt it would 
be desirable to carry out similar experiments^with 
tree^, telegraph wires and large metallic objects’with 

♦ «The Efiect of the Heaviside Layer on the Apparent Direction 
of Electromagnetic Waves,” Radi-o ReoieWy vol. 2, bp. 60 and 23R 

t “The Heart-shaped Polar Diagram and its Behaviour under 
Night Variations,” ibid., p. 394. , . ' 
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short waves, such as are used for navigational work. 
The object of the Radio®Research Board is to try to define 
the different errors, so that we can correct our direction¬ 
finding apparatus in ships as the m,agnetic compass is 
corrected. We are now in the early days of direction¬ 
finding and I hope that in a few years direction-finding 
at sea by wireless will be as accurate as it is now by 
compass. 

Major B. Binyon : I was very interested in the 
description of the work done on board ship, and I hope, 
with Admiral Sir Henry Jackson, that the work of 
the Radio Research Board -will be further extended 
in that direction, because, from a commercial pqint 
of view, it is one of the most important fields in which 
to work. It is to be regretted that in most of the work 
done on ships, data for which are given in the paper, 
iairly long Waves have been used, whereas in practice 
it is absolutely essential that direction-finders to be 
really useful should work mainly on 600 m. Mr. 
Horton stated that, in his opinion, better results would 
be obtained with an aerial system than with coils on ships. 
I should like to mention, in that connection, that a 
number of ships have been fitted with Robinson direction¬ 
finders, and the extraordinary accuracy of the results 
obtained is proof of the reliability of a coil system 
aboard ship, particulaiiy when the exceedingly difOicult 
conditions are taken into account—conditions far 
more difficult, I think, than any of those described in 
the paper. Again, quadrantal errors as large as 22® 
are referred to in the paper. I have never known such 
an error on a ship fitted with the Robinson system; I 
can recollec? one case where an error of 19® was obtained, 
but in the case of another steamer where the conditions 
were similar the quadrantal error was nil. In the 
latter case the quadrantal error remained nil until, 
after a long trip, the boat was nearing home, when 
suddenly an error of 6® or 7® developed. No explanation 
was forthcoming at first, but the trouble was eventually 
traced to four electric leads used for emergency com¬ 
munications between the chart room and the emergency 
steering position aft. These leads were supposed to be 
absolutely dead, but somehow or other a fault had 
developed in them, and snoall currents from the electric 
li|^ht circuits leaked on to them. They were eventually 
shown to be entirely responsible for the error. That 
is an instance of the sort of problems that have to be 
faced in shipping work and which increase the difficulties. 
In spite of this, however, there is no doubt that exceed- 
ingly good and satisfactory results can be obtained 
\yith the Robinson system on board ship. The constancy 
of the quadrantal error is, of course, all-important and 
has to be very carefully watched for, but on the whole 
the changes are very slight. As a matter of fact, d 
discrepancy was observed in the case of a ship that 
went out quite light—ia baUast—and returned very 
heavily laden. In that case the quadrantal error on 
the return journey had diminished by a small amount. 
Unfortu^tely, ex;^erihiental work on ships of the 
mercantile marine is exceedingly difficult to carry out, 
and it can more systematically be done by the IJadio 
Researcdi Board or the Adnuralty allocating vessels 
for the purpose. With the extended use of direction¬ 
finders, however,‘^exceedingly interesting data of this 


nature is gradually being collected. I should like 
to support Admiral Sir Henry ''Jackson’s suggestion 
that more work should be done on short wave-lengths, 
in order as far as possible to benefit directly the com¬ 
mercial application of dhection-finding as an aid to 
navigation. , 

Captain G. T. Hughes : I should like to call attention 
to the importance of the information given in the paper 
from the military point of view. It might possibly 
I be urged that a radio engineer entrusted with the installa¬ 
tion of a direction-finder would never deliberately put 
up his set in the neighbourhood of trees, buildings or 
other wireless aerials, but in military practice it might 
be impossible to avoid doing so. As direction-finding 
is a vital part of military wireless, it is very important 
that one should have every possible scrap of information 
regarding the errors to be expected owing to the presence 
of these disturbing elements. It very frequently happens 
that a wireless officer has no choice of site in putting 
up his direction-finder; there are a large number of 
considerations, chiefly military, which hamper his 
selection of suitable ground. For example, it is essential 
that he should have a means of rapid communication, 
by telephone or ordinary telegraph line, with the intelli¬ 
gence centre to which he has to send his information. 
It frequently happens that it is very difficult to provide 
a special line for him, and possibly he has to put up 
his direcrion-finder in the immediate neighbourhood of 
some busy signal office where there are a large number of 
overhead lines or buried cables. It naight be inadvisable, 
moreover, to put a direction-finder in an isolated field, 

. well away from trees and buildings, from the point of 
view of visibility from aircraft. That is only one of 
a large number of considerations which must influence 
the selection of a site. Major Lefroy, I thinly ratiier 
dismissed the possibility of errors due to the'proximity 
of overhead lines, by assuming Jhat the lines were the 
actual supply mains or line communications of the 
station itself, and that these are generally controlled 
by the officer in char|[e of the station and can be buried 
for some hundreds of yards away from# the direction¬ 
finder. The officer may be obliged, however, in times 
of rapid mihtary movement, to erect his set in the near 
neighbourhood of large permanent routes on a main 
road, or other disturbing factors may appear in the 
shape of large masses of metal such as ammunition 
dumps. In military wireless too, the set has frequently 
<?to be handed over to semi-skilled personnel who have 
had little chance of acquiring a knowledge of what 
constitutes good conditions for direction-finding, tor 
these reasons we welcome any information that tends 
to define the conditions governing the installation of 
a direction-finder or gives us a knowledge of the magni¬ 
tude of the errors to be expected under adverse con¬ 
ditions of working. 

Major C. J. Aston: I should like to ask whether 
anything is yet known as to the effect of rivers on 
direction-finding. It is often necessary to erect a 
direction-finder in the neighbourhood of a river, which 
might have a straight course 3 to 4 fiflles in length, 
and might influence the direction of the arriving waves. 
The Army of Occupation in Germany found such con¬ 
ditions at Cologne. 
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Dr. A. Russell: Have the authors considered the 
effect of meteorolog?cal conditions on the direction of 
reception ? For instance, on one side of the direction¬ 
finder there may be a shower of rain, while the other 
side is dry. The trees on the one side would be almost 
perfect conductors under such conditions, while those 
on the other would have a very high resistance. We 
know that the resistance of the surface of the earth 
varies to a very large extent with the amount of dew 
on it. It would therefore be interesting if the authors 
could give any information on this subject. 

Mr, S. B.. Smith {communicated ): It can be demon¬ 
strated that if a directional system be constructed in 
such a manner that no unbalance^ horizontal members 
exist, then abnormally polarized waves will not be 
received. With such arrangements it can be experi¬ 
mentally shown that when night effect is present the 
bearings are correct. The mininla will also be quite 
symmetrical, and the ^arrangement provides a practical 
direction-finder, A number of anti-** night effect ** 
direction-finders (which possess symmetrical minima) 
exist, among them being Adcock*s modification to the 
Bellini-Tosi aerial .system, and Franklin’s spaced aerials 
(arranged in the Bellini-Tosi manner). These methods 
are well known and do not require further detailing, 
but at the same time it should be pointed out that it 
is quite practicable to construct a direction-finder to 
^ be quite imnfune from ** night effect ” or the closely 
related ** aeroplane effect,” In Section 3 of the paper 
tfie authors discuss tuned aerial systems and their 
effect when in close proximity to the direction-finder. 
No mention is made of the importance of the resistance 
of ^these aerials, but unless the authors give the dimen¬ 
sions of these aerials and their resistance the observa¬ 
tions ^e comparatively useless. At a recently installed 
directioi^finding station the apparatus is erected 
underneath the main^transmitting aerial; if this aerial 
is accidentally' tuned while the direction-finder is in 
operation the maximum observed errors amount to 30®. 
If the tuned aerial had a very low resistance (principally 
radiation resistance) the maximum deviation from the 
true bearing could amount to almost 90®. 

Messrs. R. L. Smith-Rose and R. H. Barfield (in 
reply): The discussion has, in general, shown that the 
paper has met a real need for detailed quantitative 
information on this subject. There is a general con¬ 
sensus of opinion as to the necessity of repeating the 
majority of the investigations on much shorter wavqr 
lengths, and it is intended to proceed with this work 
as quickly as possible4 The research was inaugurated 
on the higher wave-lengths for no other reasons than 
those of convenience and expediency, since suitable 
apparatus was immediately available. The experience’ 
gained so far will undoubtedly prove useful in the work 
on shorter waves where the difficulties of accurate radio 
direction-finding are somewhat greater. 

Mr. HoUingworth mentions a case of a large airsliip 
shed in which all the signals appeared to enter along 
the axis of the shed. This is exactly the conclusion 
that might have been drawn for the shed referred to in 
the paper when at Position 6 in i^g. 6, had not the 
results obtained in other positions been contradictory. 

The results given for the experiments carried out on 


H.M.S. ** Fitzroy ” were certainly obtained under very 
ba,d conditions. The direction-finding coil system was 
erected in the only place available on board, being 
placed fairly close to the ship’s funnel and the wireless 
cabin, and standing on the steel deck. Mr. Horton 
expresses surprise at the magnitude and regularity of 
tlie error curve, yet a somewhat similar curve has been 
given by Mr. Round for H.M.S. *' Warsp^te,” and cases 
are mentioned in which the error curve ranges up to 
30®.*** Regular quadrantal error curves have also been 
obtained in America when using small fmme coils on 
board ship.f The results given in the paper for H.M.S. 

** Fitzroy ” have been confirmed by later observations 
and the error has been found to be practically inde¬ 
pendent of small metal work in the immediate neigh¬ 
bourhood, e.g. the error remained unaltered by opening 
and closing steel hatch covers immediately beneath the 
set. The disadvantages of a large correction curve for 
navigation purposes are fully appreciated, but it is 
probable that the magnitude of the error coul<^ be con¬ 
siderably reduced by erecting the frame coil in a more 
suitable position on board and particularly by raising 
it several feet above the deck. The present paper is 
not concerned with the relative merits of the Bellini- 
Tosi. and the frame-coil systems of direction-finding on 
board ship, but it may be pointed out that considerable 
use of the single frame has been made in America.! 

The point raised by Major Lefroy as to the com¬ 
parative efiect of overhead and underground lines 
actually brought into the direction-finding station is one 
that has not so far received attention but is obviously 
important for practical purposes. It is hoped to obtain 
much information on the influence on the resulting 
errors of the seasonal change in^trees from an mvesti- 
gation which has been proceeding for some time past, 
involving the daily observation of various transmitting 
stations in fixed positions. The influence of meteoro¬ 
logical conditions mentioned by Dr. Russell will also be 
studied in the same investigation. 

In reply to Mr. Wright, the authors feel bound to 
uphold their original statement to which reference is 
made. While fully recognizing the utility of the 
brilliant work carried out by Messrs. Eckersley, Wright 
and Smith, it must be mentioned that there are alre^y 
some apparent exceptions to Efckersley’s theory con¬ 
cerning variations.! Beyond this fact, the paper is not 
concerned with these night variations in the bearings 
observed on direction-finders. As to the use of circuits 
giving tlie cardioid-diagram reception curves to over¬ 
come these eflects, this has surely never been claimed 
as a practical system of direction-finding. At the best, 
it affords a convenient means of determining the 
*' sense " of a bearing. 

That there are certain methods, theoretically sound 
and experimentally successful, of eliminating abnor-^ 
mally polarized waves is beyond question, nor can it 
be denied that it may be possible to construct a com- 

^ 

* Journal 1020, vol. 58, p. §43. 

t See, for example, S. Ballantinb ; Year Book of Wireless 
Telegraphy and TeH^nony, 1921, p. 1131; also F. A. Kolstbr 
and F. W. Dunmore ; Scientific Papers of the Bureau of Standards, 
-No. 428, 1922. * 

t See, for example, E. Bellini : Electrician, 1922, vol. 89, 
p. 160 j aUo WSNV, VOnde Blectrique, 1922, vol. 1, p. 601. 
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mercially practical apparatus for this purpose. It is 
merely contended that*^ yet this has not been done. 
Mr. Smith mentions two systems, those of Adcock 
and Franklin, but Mr. Keen in his recent authoritative 
work on direction-finding * dismisses the Franklin 
system as being impracticable for ordinary direction¬ 
finding working'* giving convincing reasons, whilst 
Adcock's system has never been taken up owing to 
its inherent difficulties. As regards tuHed aerials, a 
record of what actually happened in one or two specific 

* R. Keen: “Direction and Position Finding by Wireless,” 
1922, p. 195. 


cases was thought to be of sufficient value in giving 
the order of the possible error '^to merit recording. 
For example, Mr. Smith's own instance is of some 
definite interest though it vrould have been of more 
value if he had given the distance of the direction¬ 
finding set from the aerial. r 

Major Binyon's request to investigate directional 
reception on board ship on the waves ordinarily used 
for ship communication is covered by the proposal to 
extend the whole investigation, to short-wave working. 

The possible effect of rivers, mentioned by Major 
Aston, is also a case for future investigation. 
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DOMESTIC LOAD BUILDING : A FEW SUGGESTIONS UPON 

PROPAGANDA WORK. 

By W. A. Gillott, Associate Member. 

(Paper first received 11 September, and in final form IZih October, 1922; read before The Institution November, 
before ike North-Eastern Centre 21ih November, before the LiVERPobL 'Sub-Centre Wth December, before the 
North Midland Centre l^th December, 1922, and before the Scottish Centre ^th January, 1923.) 


Summary, 

The object of this paper is to show in a simple manner 
some of. the channels open to electric sdpply undertakings 
for securing the domestic load. As conditions differ in 
almost every district, the subject must be approached from 
a different angle in each case. In certain districts it might 
be fatal to adopt a too progr^sive attitude, and one naust 
therefore lead up to the point by- suggestion; in others it 
may be found desirable 4fco.coihbine the development scheme, 
such as an educative campaign by actual demonstration, 
with Press and other advertisements. These methods are 
briefly discussed and reference is made to the value of the 
load to the undertaking, and the various proportions it can 
take. A skeleton scheme of one yearns campaign is put 
forward, and, in view of the decision of certain authorities 
to embark upon this development, it is hoped that the remarks 
may be of interest. The fundamental essentials on the 
question of tariffs, load characteristics, hire of appliances, 
etc., are discussed, and a chart showing one week's, demand 
of a housing estate, where cookers, heaters, etc./ are installed, 
is given. The advantage of an electrically equipped house¬ 
hold to the consumer and^its appeal to women, also the 
assistance given by the latter in achieving the o.bject, are 
referred to. 


Fundamental Principles, 

The increasing tendency of the housewife to do her 
domestic work by * means of electricity is most 
encouraging, ^d indicates that the excellent propaganda 
work of the Electrical Development Association, electric 
supply authoyities, electrical contractors and manufac¬ 
turers is at last beginning to show a return. These 
promising conditions prompt the author to offer a few 
suggestions in regard to domestic load-building to those 
engineers who have not ye.t attempted to cultivate 
this .desirable and profitable demand. At the outset 
he would like to state that his remarks are not put 
forward as definite proposals as to how matters should 
proceed, but merely as a suggested principle upon which, 
the framework of an organization or department can 
be constructed to deal with the business. 

The first matter that should receive attention is the 
personnel. From the chief engineer to, at least, the sales 
representatives each individual should possess an 
adequate knowledge of the subject of domestic electrifica¬ 
tion before attempting to advise others. In addition, 
an electrical installation, complete in every detail, 
should be in the^ homes of such members of the staff 
to enable them to gain valuable experience and 
thoroughly to appreciate their operation. It .would 
also establish a belief in the confinodity and be: an 
encouragement to prospective consumers. 


It is desirable to keep a careful set of records of the 
behaviour of each type of appliance, of the time taken 
to attain certain objects, of the consumption, also of 
maintenance costs. By this means a valuable set; 
of statistics would soon be collected which would be 
of considerable help in establishing a foundation on 
which to build a suitable scheme. During these observa¬ 
tions a complete set of recording ammeter charts should 
be secured. If several of these are taken sirnult^eously, 
a summation curve can be plotted and accurately com¬ 
pared with the station load curve, to facilitate the 
design of a suitable tariff (if one is needed). Curves 
similar to these were given by the author in a previous 
paper.* From .these earlier curves the following figures 
were taken; The number of units per annum per kilo¬ 
watt installed was 360 > the total connected load of the 
13 consumers studied was 65 kW, while the maximum 
demand was approximately, 19 kW. The ; amount of 
this load that fell on the system peak was 5 kW. The 
number of units consumed per annum per kilowatt 
of demand on the S 3 rstem pjak was ^3 240. The 
diversity factor was 9. Although: these curves were 
taken some time ago the characteristics remain the 
same to-day, cooking conditions* not having altered. 
The design of the apparatus is, however, improved, 
therefore the number of units consumed per Irilowatt 
installed is reduced. A safe figure to adopt for esti- 
mai^ng purposes when investigating the subject is 300 
units, per kilowatt installed per annum. These figures 
assume a normal daily use throughout the year and are 
sufficient to indicate that the domestic cooldng load is 
worth cultivating. 

Tariff Construction and Toad Possibilities? 

It is not intended to study the details of tariffs for 
this class of business, beyond referring to the desirability 
of a two-part scheme, with a comparatively high fixed 
charge, and with the charge per unit so low as to provide 
a satisfactory return. The author inclines to the opiiuon 
that the fixed charge should be sufficient to cover a 
consumer’s normal lighting costs when the low unit charg? 
is added, '^In other words, his lighting account would 
be practically identical under this tariff with what 
it would be under the standard flat rate which may* 
be in operation. This provides a safeguard against 
supplying the consumer at a loss, and it is only upon an 
increased consumption that 'he* obtains the benefit 
of the cheaper units, .1^ 

flaking as an illustration a domestic consumer with 

♦ Journal 1916, vol, 63, p. 42. 
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1 kW of lighting installed, nnder average conditions 
ms normal consumption would be approximately 
300 units per annum, thus:— 

Flat Fate Two-part Tariff 

^ ^ s.'d. 

300 units at (say) Fixed charge per 

. 10 0 0 kilowatt (light¬ 


ing) installed 

(say).8 10 0 

300 units at (say) 

lid.1 17 6 


£10 7 6 

The figure of lid. is taken because the present 
tendency is to supply electricity for domestic purooses 
at this rate. 

From the above it will be seen that the consumer’s 
lightings account remains, for all practical purposes, 
unaltered. If such a consumer installs a cooker, 
catering »*for 6 persons, his consumption of electrical 
energy would be increased by approximately 1 760 
units per annum, making his account as follows 

, £ s. d. 

Fixed charge as before ., ,. 8 10 *0 

2 060 units (lighting and cooking) : 

.. 16 3 

£2r 6 3 

The average price obtained per unit will be approximately 
2jd. It is good business to prove to a consumer that 
his adoption ^f a domestic or multi-part tariff does 
not increase his normal lighting account, and that 
extravagance in the use of light is costing him only 
l|-d. per unit, which can for practical purposes be ignored. 
He will then see that his cooking, heating or power is 
charged at this low rate and he will appretnate the change. 
The education of the consumer upon this point will be 
of great value, as he will learn to look upon his supply 
as being given at Ijd. per unit, and regard the fixed 
charge as a rental. He will probably spread the news 
amongst liis friends, and this wiU be good propaganda 
for tlie undertaking. Such an installation would create 
a maximum demand of approximately 3*6 kW, which 
would occur about mid-day, i.e. at a time when the 
majority of central stations could deal with the load. 
Taking average conditions at 200 volts or over, the service 
cable to a house with such a demand would probably be 
of adequate capacity, and, therefore, in such cases there 
would "be no additional costs under this heading. It is, 
of 'tjourse, recommended that negotiations should be 
commenced to induce the consumer ultimately to extend 
his demands for other uses, e.g. heating, wa(ter heating 
and auxiiiaries, in which case the service cable would 
^be naade suitable. An increase of 3 kW of heating and 
2 kW of auxiliaries would make but little difference to 
the maximum demand, this being approximately 6 • 6 kW, 
and then on^y in vdnt^r time, but the total consumption 
would be in the neighbf^urhood of 3 600 units per annum, 
representing, on the basis given above, an amount 
of £30 7s. 6d., i.e. an increase of £20 7s. 6d. above fhe 
ordinary lighting returns.. ^ 


Taking as an illustration some 600 of such consumers 
on one system, the maximum load^ installed would be 
6 000 kW ; the maximum demand on the station would 
not, however, owing to the high diversity factor, exceed 
600 kW. The consumption of the whole would be 
Ij million units, and the revenue approximately £16 200. 

One of the most important characteristics of this class* 
of bu^ess is its continuity; in contrast to the industrial 
load it is unaffected by strikes or lock-outs, and this 
should therefore increase the desire to cultivate it. 

The curves on page 199 indicate the nature of the 
load upon the Billingham Housing Estate. These curves 
show the result of the demand of 25 houses only, i.e. 
approximately on^-third of the whole village. 

The details of the installation of each house are as 
follows;— 

1 Cooker. 

1 ^^^h boiler (10 gallons). 

1 Fire, 

Kettle or iron. 

Lighting, 

The average number of kilowatts installed at each 
house is 11*28, and, therefore, the total connected load 
is 11*28 X 26 = 282 kW. The pressure at iJie con¬ 
sumers* terminals is 250 volts. It will be seen that the 
highest demand (approximately 31 kW) occurred on 
Sunday, 11th Hecember, at 12.30 p.m. It is interesting 
to note that this demand lasted for only ^ few minutes, 
the average maximum demand being in the neighbour¬ 
hood of 24 kW. The returns, being taken in winter 
time, are consequently at their maximum. 

It is of interest to study the characteristics of the 
daily demand. As the curve shows, Sunday is igi- 
doubtedly a day when much cooking is done, and no 
doubt a certain amount of heating is carried on from 
breakfast (8.16 a.m.) to 2.30 p.m. There is''a short 
period of rest before tea is prepared, about 4 p.m., and 
at 6.30 p.m. the load quickly drops to the^normal light¬ 
ing demand, as is the case on each day of the week. 

The morning load on Monday and Tuesday is due to 
the wash boilers and cooking. Monday*s cCrve indicates 
that the boilers are in operation soon after 8 a.m. and that 
the cooking load is not so heavy, as probably no mid¬ 
day meals will be cooked. On Tuesdays almost the 
Same conditions apply, but more cooking is done, as shown 
by the demand from 12.30 p.m. to 2 p.m. Thursday 
is undoubtedly the bread-baking day, as shown by 
the comparatively longer period of demand. Saturday 
appears to be a day of put off ** meals. 

The occupiers of fie houses include district engineers, 
station engineers, engine drivers, and the usual type of 
individual employed upon a supply system. No other 
system of cooking is provided, and it is the usual practice 
to bake bread and cakes at home. 

These curves give much information, and one is able 
to estimate with accuracy the size of feeder cables 
necessary for a district. They show at a glance how the 
load comes on and how it' coincidesr‘witb the general 
station demand, and they can be applied to any system 
for comparison. TJ^ey amply prove the losld to be a 
daytime demand, and that it is continuous, i.e. it is 
an everyday load. The high diversity *factor is well 
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demonstrated, and proves the value of the load to an 
undertaking. 

These curves enable oner to imagine the nature of the 
system load in the power station of the future. 
multiplying these results by the number of likely con¬ 
sumers in a given area, it will be seen that it is possible 
for the domestic load in many stations to be larger than 
the industrial load. 

The author has compared the curve for Sunday with 
that of a gas company's output on a similar day. The 
two are identical in shape, and it is interesting to relate 
that the value to the gas company of 5 hours' Sunday's 
load was equal to that of a whole week-day's combined 
domestic and industrial load. 

In view of the importance of the domestic load, and 
the desirability of distributing as much information of 
its character as possible amongst supply engineers, 
the author suggests that the Institution might consider 
the' advisability of investigating the matter in detail 
and submitting a report upon its findings. The Electrical 
Developm(mt Association have obtained certain.infor¬ 
mation of a general nature, and by co-operation most 
valuable assistance could no doubt be given to the 
* industry. 

Turning now to commercial cooking, considerable 
revenue can also be secured from this source. In an 
earlier paper ♦ the author gave a set of curves showing 
the load characteristics of four installations, including 
three stafi-feeding kitchens and one restaurant, totalling 
some 462 kW connected. The total number of units 
consumed was 290 000 per annum, and the resultant 
maximum demand was 190 kW (approximately). These 
facts are important and demonstrate the value of the 
load. 

It is realized that there are many small undertakings 
which are not at present in a position to handle a big 
demand for cooking and heating, and that some concerns 
do not encourage the business as their load is entirely resi¬ 
dential lighting and they possibly fear that the cooking 
business will create a loss. It will be understood that 
even moderate cooking demands are not built in a day, 
such loads being secured by a comparatively gradual 
process. It is suggested, therefore, that a start should 
be made upon a small scale in order to gain experience 
in districts where the plant and cable capacity are small 
and the rate is unsuitable for complete cookers. It will 
be found that if auxiliary appliances, e.g. kettles, irons, 
toasters, boiling plates, washing machin es, vacuum 
cleaners, etc., are used, their existence will have a 
greater effect on the financial returns tlian on the station 
maximum demand. 

It^s not, however, the object of this paper to discuss 
the technicalities of the load and its effect upon the plant 
and cables, but to open up various channels «4hat may 
assist those who are interested in the subject to secure 
■yie business. The possibiiy:ies of the domestic field 
are large, and the figures and statistics given indicate 
a few of the results that can be obtained by negotiation. 

There are, no doubt, PindertaMngs in which the domes¬ 
tic load has not been? encouraged, possibly because 
the sta3BE have not studied the subject, or because 
they are uncertain of the effect of the load on thefr 
. . * Journal I.E,E, 1918, vol. 66, p, ,92. 


system and tariff. It is possible for concerns to obtain 
information^ complete in every detail, as to how tliis 
load will apply to their own undertakings, and they can 
in consequence embark upon any such scheme knowing 
from the commencement approximately what the results 
will be. 

The Consumers' Gain. 

The next point of vievr to consider is that of the 
consumer. What benefit will he derive from using 
electrical energy freely, and will its adoption give him 
the service he needs ? 

In the average household of six persons a maid and 
occasional help are employed, and the installation of 
electrical appliances permits a reduction of labour 
charges at least equivalent to the amount spent on 
electricity. If it should be decided to retain the existing 
labour, benefit is secured by the relief of heavy and tedious 
work, better working concUtidns, convenience, cleanliness 
and improvement in the health of the family owing to 
the non-polluted atmosphere and more freedom enabling 
them to pursue a more out-door life. Unless one has 
lived in an electrically equipped home it is almost 
impossible to realize its worth, or to imagine how 
many household duties entailing laborious work, e.g. 
clothes and dish-washing, carpet beating, wall cleaning; 
can be performed by a mere turn of the switch. The 
author is of the opinion that if men were to study 
the internal domestic problem more closely, or were 
called upon to do the actual work, the use of electrical 
labour-saving appliances would be greatly increased. 
In works or of&ces men adopt'*the principle of ** Save 
the man and use the machine." Why should not this 
principle be applied at home ? Tlie housewife has more 
to contend with than is generally realized, and it i5^ 
only fair that she should benefit by the use of the 
appliances now available. ^ 

The items already stated were given to indicate, in a 
brief manner, the value and magnitude of •the possible 
load. It w^as felt desirable to give these instances as 
the good load factor which domestic electrification 
provides when cookers and heaters are |ised under 
normal daily conditions is not generally realized. 

A Skeleton Scheme of Propaganda. 

The basic facts being agreed, one can now proceed 
to commence the campaign. There are various methods 
available, e.g. the local Press, mailing letters and leaflets, 
posters, exhibitions, showrooms, personal calls, lantern 
slides, etc. The amount to be spent on propaganda 
will doubtless be decided, and upon this will depend the" 
extent of the scheme; the smaller the amount the greater 
is the care that must be exercised in selecting the 
medium. 

As an illustration, take a town with a population of, 
say, 100 000, in which the sum of £500 is to b6 allowed 
for one year's advertising, it also being decided to adopt 
a hiring policy for electrical appliances, and to reduce 
the price of electricity. It is suggested that a stafi 
conference should be held, at which the programine coifid 
be discussed to ensmre that ,the campaigfi should be 
commenced with at least the majority of the m^bers 
I enthusiastic and co-operating to reach some definite 
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goal, say 250, 500 or 1 000 kW connected in a specified 
period. 

In the early stages it will probably be found advisable 
to adopt the least line of resistance by encouraging 
the existing consumers to increase their demand, and 
there are other obvious reasons for this procedure. 

A saving of expense wiU no doubt result if a mailing 
campaign is arranged to coincide witli the dispatch of 
the quarterly accounts, the backs of which should convey 
a suitable message drawing attention to the reduction 
in price of electricity, and other special features, and a 
small booklet should be enclosed to suit the particular 
period of the year. * 

Municipal undertakings owning tramways have the 
advantage in being in a position to exhibit showcards 
or notices in the tramcars at possibly no expense beyond 
securing valuable publicity. Lantern 
shdes can be exhibited at t^je local kinema houses 
or theatres each week throughout the year.. Those 
slides would doubtless be changed, say, four times per 
annum at the change of each season. 

A productive and economical exhibit can be given 
by establishing a “ Comfy Home ” exhibition. For this 
the loan of a bouse (which can usually be secured free) 
is obtained, and the house is then equipped in every 
detail, thus enabling tlie appliances to be shown in 
actu^ use imder normal conditions. If properly handled 

securing the co-operation 
of Idle various trades concerned, i.e. furnishers, decorators, 
builders, etc., each performing his part at his own cost 
Smtable invitations should be sent oiit, and it is recom¬ 
mended that the editors of the local Press and certain 
influential people should be invited to an electrioaUy 
■eooked meal before the exhibit is opened. This will 
j^obably ensure a vsduable report appearing in the 
Press, ^and interest will be stimulated. ' 

The electrical contractors of the town could be 
encouraged.to participate in the scheme by dressnig 
■uieir showrooms with domestic appliances so as to fit 
in idth the scheme, and their clients should have every 
fa^ty offCTed them to inspect the home, when all 
details would be explained to them, the contractor 
being, of course, properly dealt with in regard to any 
sales effected. ^ 

It cannot be too strongly urged that an exhibit of 

nature should be arranged to appeal especially 
to women; their needs and desires should be studied 
in every detail, and great care should be taken to give 
them all the information possible. In addition they 
.«hoidd be encouraged to handle the various devices 
lor domestic use. 

It may be found desirable to arrange for private 
d^onstrations on selected days, for the benefit of those 
who would not care to discuss matters when other 
visitors are within hearing distance. This will ensure 
more rapid progress being made. It is advisable at 
the outset to secure the interest of women, for they will 
then make it their business to persuade their husbands 
to complete theftransaction. The author’s intention is 
not to suggest that one’s efforts should cease at this stage 
M ^women’s influence will be of consider¬ 
able help m effecting sales, and that its cultivation 
as worth while. 
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General Electrical Exhibition. 

K be helpful if an electrical exhibition could 

be held, at which manufacturers and contractors would 
co-operate, A large hall is not necessary for the purpose 
as quite good results can be secured with a moderate 
expenmture, and for small towns a week’s duration wiJl 
probably suffice. Endeavours should be made to show 
all classes of operations that would be of the greatest 
assistance and interest to the inhabitants. Arrangements 
might be made with advantage to establish a series of 
self-contamed exhibits, such as a model kitchen, with 
cooker, water heater, clothes washer, etc., in operation ; 
a shM-repainng shop with the stitching machine and sole- 
pohslMg iron electrically operated; a confectioners’ 
bench with cakes and chocolates made electiicaUy; 
a sm^ electric laundry; and a day and night nursery 
complete with all requisites from those for rocking the 
cradle and warming the milk, to an'electric seeing 
^chine for making babies’ clothes. The object should 
TO, as far as possible, to show something working, as 
It has a peculiM fascination to the visitor an^ of course 
deinonstrates in a practical manner the many uses to 
which electricity can be applied. 

■ It is not suggested that such an exliibition should* 
e held each year, but only as an attempt to popularise 
some special feature as mentioned above. It will be 
readily understood that if exhibitions of this nature 
are held in the same town at too frequent intervals they 
wiU become uninteresting and will thus be of little 
value. 

Details of Expenditure. 

The various channels in which the sum of £500 could 
be expended having been briefly state3, the following 
will be a guide to their respective costs. In analysing 
these figures it must be appreciated that the leaflets, 
posters, show cards, etc., would be purchased through 
the Electrical Development Association, thereby eflecting 
an appreciable saviiig. The number of consumers has 
been assumed at 3 500 for the purpose of making this 
estimate. ^ 

Total yearly cost of mailing campaign at each quarter 
day {four per annum). £ s. d. 

Differences of postages when sending accounts 68 8 0 

. ... 0 0 

(Jost of printing only on back of account 

. 5 0 0 


Other items. 

Lantern slides, rent at 4 theatres, 52 weeks 
each at 4s. (average price) .. .. .. 41 12 0 . 

Cost of slides, say .. ^ / 5^0 0 

Show ca^ds and posters (these would be 
exhibited upon the undertakings* own* 
property, viz. vehicles, buildings, cable 

tents, etc.) .. ^.10 0*0 

" Comfy Home *' exhibition .. ,. .. 70 0 0 

Electrical exhibition. 160 0 0 

20 000 assorted leaflets (average^price £3 per 

•• •• . .. . .60 0 0 

.a^ocal Press advertising (say 10 insertions) .. GO 0 0 

£500 ^ 0 6 
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As may be readily appreciated, this schedule can be 
improved upon; it can also be further sub-divided or 
cut down if a less costly Scheme is desired. It suf&ces, 
however, for the immediate purpose of promoting 
discussion. 

Showrooms. 

The use of showrooms to electric supply under¬ 
takings is more appreciated at the present time, but it 
is essential that, to ensure success, these should be 
properly managed. If there is sufficient space to do so 
it will be desirable to show different systems of wiring 
and lighting, and various types of apparatus in as nearly 
as possible their normal conditions. Interest will be 
created if certain days or weeks are given up to specific 
functions, e.g. washing, ironing, cooking, vacuum 
cleaning, table appliances, etc. Actual working exhibits 
are preferred, as visitors will be more inclined to discuss 
proposals than*' if " dead shows are given. 

It is suggested that all such work of a homely nature 
should b^ conducted by a lady demonstrator in such 
a position that the operations may, upon certain 
occasions, be seen from the street. 

The outside sales representatives should be kept 
informed as to the callers from their districts, and as 
much information as possible of their visit should be 
given to save much ground being covered twice; the 
consumer appreciates this and it places the salesman 
upon a better footing. 

Hire of Cookers. 

It is not proposed to discuss fully the internal organiza¬ 
tion necessary for the hire of cookers, but it might 
suffice to state that if a rental of 20 per cent per annum 
on the net cost be ^established it will provide a 
satisfactory return on the capital invested and will 
cover the cost of maintenance. Local conditions will, 
of course, influence these rentals, and in certain districts 
a much higher return can be obtained. 

It must not, however, be overlooked that the mere 
fact of the cooker, being installed and used earns a 
revenue which without such facility may not be obtained. 
It is suggested that a lady cook demonstrator should 
make periodical calls upon the consumers to render 
efficient cooking service and to ensure that the consumers 
are securing the best possible results. 

Those undertakings wdiere the cooking load is not 


required so rapidly as when simple hire is established 
may conduct a hire-purchase schen^, which does not 
involve as much capital outlay and which will encourage 
the consumer to handle the appliances with greater 
care. There are, of course, political conditions that 
prevent certain undertakings from supplying appliances 
under this plan, but the formation of a company to con- ' 
duct such work, as mentioned by Mr. C. H. Wordingham 
at the Sanitary Congress, would overcome the difficulty 
and enable a business profitable to all concerned to be 
established. It is hoped that this suggestion will be 
followed up and become an accomplished fact. 

The chief engineers of central stations usually have 
their time fully oc;Qupied upon the engineering side of 
the business and have not much opportunity of con¬ 
centrating their attention on the commercial end. 
The author hopes, therefore, that these suggestions will 
be acceptable to them^ He has given a good deal of 
consideration to the domestic load question and fully 
realizes that these remarks only touch the fringe of the 
subject. In suggesting that central station engineers 
should cultivate the domestic load, the author realizes 
that there are many difficulties to be overcome; he is 
of the opinion, however, that the examples and, curves 
shown are sufficiently attractive to encourage one at 
least to give the business a trial. The mere fact that 
difficulties are present invites investigation, and is it 
not correct, that almost every " worth while ” object 
. is reached by overcoming difficulties ? ** There are 
thousands of pounds' worth of business to be secured 
in almost every district. The public are in a receptive 
attitude towards electrical appliances, and there are 
three essentials to enable this harvest to be reaped: 

(1) The will to dbj 

(2) Absolute belief in the commodity; and 

(3) Adequate support for the campaign by the 
giving of sound service. 

■While the paper has dealt mainly with the electric 
supply aspect, the principles are applicable to either 
manufacturers or contractors, and contributions to the 
discussion by the latter will be extremely valuable. 

In conclusion the author would like to'^express his 
thanks and appreciation to Mr. W. F. T; Hnloiey of 
the Newcastle-upon-T 3 me Electric Supply Company 
for his valuable assistance in supplying the figures 
relating to Billingham and for the loan of the ammeter 
chart from which the week's curves were plotted,* 
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Mr. L. L. Robinson: Those of us who are really 
anxious to sell ** service " to the' public from our supply 
of electricity must feel greatly indebted to ^he author 
for reading his paper at this most opportune moment. 
Jhe public mind, which has heard so much df " therms," 
was never better tuned for the reception of the all- 
electiic domestic message. There must be an abundanj: 
demand for 'the supply of electricity before it can be 
cheap and plentiful, •• The best way %o make it 
abundsffit is to sell as much as possible to ea^h 
consumer: make each service do its utmost. Do not ^ 
,let 1:he consumer be satisfied to use only that which 


can never be sold to him cheaply, namely light, but 
see that it pays him to use electricity for every possible* 
domestic service. In my opinion the most important 
information disclosed in the paper is the Billingham 
load curve and the deductions made from it, with which 
I concur. Unfortunately we have not only to convince 
the public that we wish to give them something worth 
having in the shape of electrical heme labour-aids; 
we have also to convince our colleagues that they can 
do the same at apparently a very small piice per unit 
and at the same time do good business for the under- 
taldngs for which they are responsible. The Billingham 
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load curve must tend to dissipate their fears that 
cheap units will cause their plant and mains to be 
overloaded. The curve proves conclusively, at any 
rate for that case, that the domestic load will not 
materially affect the peak demand. That is the con¬ 
clusion about which I have long been convinced, perhaps 
imaginatively rather than by scientific measurement. 
.To create new business one must have imagination 
to enable one to look ahead. Do the job and examine 
its scientific aspects afterwards. However, blocks of 
all-electric houses are now being connected to my mains 
and these will enable me to collect data which, I 
anticipate, will confirm the Billingham data and show 
that the characteristics of the south are akin to those 
of the north. With regard to tariffs,'! realize that the 
perfect tariff must be arrived at by evolution. The 
two-part tariffs in use to-day are tending in the right 
direction' but the unit rates are too high for the all¬ 
electric home service, including'hhating and hot water, 
though quite low enough for mere cooking to pay 
the. consumer .to use electricity. This is because the 
majority of consumers to-day are not electrical “ whole- 
hoggers ” and they are offered a rate which suits the 
faint-hearted besj:, I believe for the moment in ‘a 
multiplicity of tariffs, each simple in itself, to give the 
consumers something to choose from, always provided 
that the flat rates are not so low that certain consumers 
are supplied at a loss; but I think the ideal tariff for 
. the “ whole-Koggers " could be worked out on lines 
which were suggested to me in a recent conversation 
with A. F. Berry. In consideration of the consumer 
agreeing to use not more^than one gas boiling-ring and 
not more than one coal fire, and to use gas, liquid and 
sojjd fuel for no other purpose in the service of his house, 
the following rates will be charged :»A rent per kilowatt 
per annum, say £aj, the consumer's maximum demand 
being restricted by a limiter which will interfere with 
the supply when the^ agreed demand is exceeded, and 
a unit rate only fractionally above the undertaking's 
fuel cost per unit sold, say Jd. to Jd. per unit. It is 
difficult to decide exactly what the charge per kilowatt 
should be. The actual demand at the worst may be 
made up of, say, J kW of lighting load, with practically 
no diversity, and kW or more of cooking load, etc., 
which may have a diversity of 6 to 9. With such a 
service the size and design of the consumer's installation 
would be unlimited. He would have one.price for 
current for all purposes, and he could keep within his 
stipulated demand by switching off something he diij 
not want at the moment, such as a fire, sewing machine, 
vacuum cleaner, etc., and unnecessary lights when 
the cooker was on. All night, and at many other times 
when nothing else was being done, he could divert his 
power to the hot-water storage tank, so that he could 
dispense with gas and solid and liquid fuel, together with 
all the dirt and inconvenience that those antiquated 
household commodities bring into the house. It is 
surprising how much coal and gas cost in an ordinary 
middle-class house. Generally this saving alone will 
be more than sufficient to pay the electricity under¬ 
taking's kilowatt rent, and the unit bill at Jd. to ^d. 
will be'small for all the advantages which are obtained 
in the all-electric home. If a consumer must have a 
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coal fire, let him have it and pay for it as the luxuiy 
item, regarding electricity as the necessity. 

Mr. A. F. Berry : The lines on which Mr. Robinson 
has spoken suggested themselves to me when consider¬ 
ing the big water-power schemes in America, New 
Zealand, etc. There are the capital charges, and there 
is a class of customer who wishes to pay for what he 
uses, and not a penny more, and therefore it has always 
seemed to me that the first step to take is to engage 
a representative to carry out propaganda work on 
behalf of a full electrical service. If this representative 
points out that the total bill as well as the coal and gas 
bills will be greatly decreased if the consumer adopts 
electricity almost exclusively, I have no. doubt that 
the consumer will be willing to adopt electrical service. 

I have sometimes been asked by appreciative consumers 
who have had electric installations in their houses for 
some montlis, . why they had not bee^ approached 
before. In conclusion, I submit that it is in tlie power 
of the electrical industry to pay such salaries as will 
attract the kind of man who will form a valuable con- 
necting link between the supply undertaking and the 
consumer, 

Mr. J. W. Beauchamp : The electrification of the 
home has become a subject of such importance tliat 
I suggest we can regard it as being properly within the 
scope of the Institution work. The physical character¬ 
istics of the supply of heat, light and power to thousands 
of homes will have an important bearing on the develop¬ 
ment of power stations and supply networks, and will 
be as worthy of careful study as many , other ques¬ 
tions wliich have been considered here. Obviously tlie 
author's principal object is to draw atti^ntion to the 
diversity of the domestic load ; his charts and informa¬ 
tion malie tlie paper most valuable. We have to 
convince supply engineers that the load has, and as it 
^ows will continue to have, the important character¬ 
istics revealed in the paper. In many cases fear exists 
that to cultivate domestic business in a large way at 
rates wliich will satisfy tlie public may entail loss 
owing to great additional investment being required. 

It is necessary to show tliat this is not the case, and 
figures which I have received bear out those put forward 
by the author. It should be noted that tlie curves in 
the paper refer to a groiip of 25 houses. We have 
had many from single houses, but these group results 
are important and more of tliem will be welcomed. 

In advocating the electric method of cookery we should 
do well to maintain that valuable feature of the electric 
cooker as we Imow it, the independence of the various 
working items. W'e can encourage the public gradually 
to discard the idea of centralized cooking as practised 
on the coal range, a heavy apparatus doing a variety 
of jobs an4 one in wliich heat losses are immense if 
only a portion of the fuel duty is required to be performed. 

It is noticeable tha.t in American practice there has 
been great development in'* the use of small cooking' 
apparatus, e.g. grills, light ovens and .otlier appliances. 
This method must secure a veiyjiigji diversity of demand. 
The customer's investment on apparatus may be greater 
than where a range is used and everything is done in 
th^ kitchen in a centralized way, but although the 
\inits per kilowatt of connected apparatus are probably 
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lower, tlie units kilowatt on the peak axe no doubt 
greater than with more centralized methods. On 
page 198 the author mentions tliat at l^d. per unit 
all cooking in a certain establishment is done for 6s. a 
week; he could deduct from this two to three tons of 
coal a year, when the additional charge for cooking the 
food in the electric way would be some 4d. or 6d, a 
day. I should like to point out that the average 
cook-general costs, in wages alone, 34d. a day; an 
addition of 12 per cent to that covers the cost incurred 
by using electricity in place of coal for cookery, a small 
increase for the improved service, greater comfort and 
cleanliness and the help which that method in tlie kitchen 
gives to the whole of a household relying upon one 
servant or upon the unaided efforts of the mistress. 

Mr. W. R, Cooper: I suggest that all propaganda 
work such as is mentioned in the paper should be 
undertaken by women and not by men. Women are 
very conservative, and they can be converted to new 
methods much more readily by other women who axe 
in a p 9 sition to appreciate difficulties that are not 
apparent to men. 

Mr. W. R. Rawlings: The autlior has,, I tliink, 
shown that current can be produced at a low price, 
and there, are plenty of manufacturers able to provide 
the apparatus, but it is the public who wants both, 
and neither the supply station engineer nor the manu¬ 
facturer is in a proper position to deliver his goods to 
the consumer; the contractor is the man. who should 
be called upon to carry out that part of the business. 
The autlior, however, suggests the employment' of a 
staff of representatives to tour the country and effect 
•sales. I maintain that what is needed is co-operation 
between the supply station engineer, the manufacturer 
and the contractor. If tliis is obtained the industry 
will progress very much faster, tlian it is doing at present. 
Many contractors have sunk large sums of money in 
showrooms, without any assistance from the supply 
undertaldngs, who should assist by giving a rebate to 
foster exhibitions of apparatus. Although the supply 
engineer is quite willing to put do^vn large sums of 
money for advertisements, he will not, for some unknown 
reason, give the contractor proper assistance. Con¬ 
tractors as a body are anxious to combine in tackling 
this most important subject of bringing home to the 
puolic the advantages of using electricity for purposes 
other than lighting. 

’ Mr. A. C. Gramb: In the paper the necessity of the 
sales staff taking electrical apparatus into their own 
homes and gaining experience with them is referred 
to. It is, however, difficult to convince the electricity 
supply undertaking on the point, and although the 
station engineer may be in some cases blind to the 
possibility of developing this side of his business, in 
many cases he is severely handicapped in this way. 
The author puts forward a suggestion for tariffs on 
lines recently adopted by the Croydon Corporation 
electricity works. We came to the conclusion that 
the average amount^ p^d per consumer for lighting 
was about 16 per cent pf the rateable value of his house. 
We were at first in doubt as to whether to adopt as a 
the rateable value or the amount .of floor spaOe, 
eventually decided to adopt the fdnner as*^ 


being more reliable. In the case of business premises 
we took the number of kilowatts of installed lighting 
capacity "'and found that this worked out at about 
£16 per kilowatt. We instituted these alternative 
rates with a running charge of l|d. These systems 
were put into operation at the end of the summer, but 
the response was very small indeed. I am convinced 
that tlie two-rate tariff is the correct method of charging, 
but I am equally con\dnced of the difficulty of demon¬ 
strating its advantages. I find from experience that 
if the advantages can be explained to tlie consumer, 
say a shopkeeper,—that he can switch on his lights at 
any time of the day if it is dull, that it will only cost 
him 1 Jd. instead of 7d. or 8d. and that he can leave the 
lights on during the evening—he will adopt this tariff. 
Many, supply companies, both private and municipal, 
make practically no effort to advertise electricity and 
put forward its advantages, and it is astonishing that 
so little effort is made in this direction. I should like 
to say a few words in regard to tJie Electrical Contrac¬ 
tors' Association, referred to by Mr. Rawlings. A 
large number of undertakings in this co*untry are now 
only allowed to hire out apparatus ; they are not 
allowed to sell it outright or on the hire-purchase system, 
and the Electrical* Contractors' Association is responsible 
for that state of affairs. I put it to them that it is 
necessary for them to co-operate with the supply 
undertakings and to justify the position they have 
taken up. I am convinced that the pftesent position, 
is a great handicap to the development of electricity, 
and I hope that the Electrical Contractors' Association, 
winch I believe is now in a strong position, will take up 
this question of co-operation with supply undertakings. 
In one district in the United States, approxima'^g 
in size to Croydon, the supply undertaldng has just 
completed a month's propaganda for the sale of domestic 
washing machines, with the result that 260 h'a.ve been 
sold. If that can be done in A^merica by a supply 
undertaking, surely electrical contractors Should be able 
to do much the sanie in similar areas in this country. 
Unless the Electrical Contractors' Association advise 
all the contractors in an area to work^'together and 
co-operate with the supply company, it is impossible 
to make much progress, I hope there will be a 
great deal more done in this direction, and I am 
anxious to help in every possible wa 3 ^ What the 
author says in regard to the effect of the cooking-load 
on capital cost affects this matter indirectly. We find 
ip a residential district, where the length of the mains 
is a serious item, that in the case pf three-wire cables 
the size of the middle wire will certainly have to be 
increased. With a lighting load the. consumers can be 
balanced on the two sides of the system, but that cannot 
be done with electric cookers unless the distributors 
are large. The cooking load will be very big, and it 
will lead to a great deal of trouble. We have, however, 
experienced many chfficulties in developing lighting 
and power, and there is no reason why we should not 
overcome the cooking difficulties in Jthe same way as 
we did the others. 

Mr. A..N. Rye My remarks will refer to the point 
of view of the smaller undertakings. As Mr.^'Cramb 
mentioned, we have experienced trouble with the 
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middle wire, but that is a technical point, and I do not 
want to deal wdth that at the moment. 'W^ do not 
attempt to encourage the use of. the larger apparatus. 
The real point is that the smaller undertakings cannot 
afford sufificiently attractive rates, and it seems to me 
that those who cannot afford attractive rates should 
Concentrate on smaller apparatus. In a number of 
small companies vdth which I am associated, 8 000 
pieces of small apparatus ♦ have been connected in 
under four years, w^hich is conclusive evidence that 
electricity is extremely popular with the consumer. 
That has been done on rates which are franldy not 
cooldng rates at all, but very much higher than those 
which have been mentioned, yet I b^eve that every¬ 
body is satisfied. There is quite a large field in domestic 
load on a small scale for small undertakings. We have 
also tried hiring, but without much success, so far 
as our group of companies is qoncemed. We sunk 
about £3 000 000 in hired installations and apparatus, 
but a very high ^enta^is required to cover depreciation 
and obsolescence, and the consumer will not pay the 
figure of 20 per cent mentioned in the paper. We 
have also tried the two-part tariff and found it very 
effective. In one undertaldng 65 per cent of the revenue 
from users other than power consumers is derived from 
the two-part tariff, and only the balance from a flat 
rate, which I think is proof that the two-part tariff can 
be developed l^y enterprise. I am of the opinion that 
•the smaller companies must wait for the larger ones to 
lead the way in regard to large apparatus, and then, 
if the results are sufficiei^tly good, it will be time for 
the small undertakings to consider whether they will 
relay their mains, an operation which in most cases 
wiM be necessary. Under present conditions a small 
undertaldng cannot cater for large apparatus unless a 
supply in bulk is available and the distribution is by 
alternating current so arranged that large consumers 
can be supplied from the high-tension main through 
their own transformers. 

Mr. W. J. Thorrowgood : One speaker has men¬ 
tioned the figure of £72 as the probable total cost of 
electricity for all purposes per annum, per house, but 
those who can afford to pay this price are few. If 
the use of electricity for lighting, heating and cooking 
is to be encouraged, it is necessary to find out what tlie 
consiimer needs and meet his wishes, including the cost. 

It seems to me that there is a mine of wealth for supply 
companies in the smaller houses of the community, 
and if electricity were supplied to such houses a greal! 
deal of good would be done. If the tariff be reduced 
to, say, Jd. per unit, the resultant load will necessitate 
a great many super-stations all over the country. 

P. M. Baker: In my opinion the propaganda 
which is of most importance is that wliich touches 
me consumer's pocket. It must be remembered that 
it is far from easy for the central station engineer to 
deliver heat units, produced! by the combustion of 
fuel in a generating station, at a price which will compete 
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•witli the direct production of heat In a coal range of 
good design, used in as effidLent a manner as possible, 
^en coal (or even gas) cooldng devices are installed 
tile advMtages must be very real if the householder 
is to be induced to displace tiiem in favour of electrical 
appliances. Even when installed, the full advantage 
of the use of cooldng devices may not be realized, as 
servants do not alwa 5 ?s use them carefully or efficiently. 
The cook who is accustomed to the coal £re and knows 
that she has to light it some time beforehand in order 
to cook a joint, may treat the electric cooker in the 
same way, or she may forget to switch off when the 
job is done, thus not giving the electric cooker a chance. 
The all-electric house is a very attractive idea, but the 
lack of standardization of plugs and sockets and tiie 
difficulty of getting replacement parts for bumt-out 
apparatus are serious disadvantages which call for 
attention. 

(Communicaied) : Tlie difficnltira mentioned above 
•w'ere founded on personal experience. As, however, 
my remarks were kept as brief as possible and may 
therefore have been misunderstood, it seems desirable 
to amplify them slightly. It follows from the first part 
—tiiat dealing with cost—tiiat the supply autiiority 
wliich undertakes a cooking load must; («) aim at 
the highest possible generating and distributing effi¬ 
ciency; (b) offer power on a carefully worked-out 
tariff; and (c) adopt some scheme, such as Wring, 
wliich will relieve the houseliolder from the capital cost of 
installing appliances that will be of no service to liim 
when he removes to another area where the voltage is 
different. In many areas supply engineers have taken 
these steps and are meeting witii considerable success, 
but such conditions are by no means universal. The 
advantages and disadvantages depend on the circum¬ 
stances of each special case; thus, tlie most difficult 
houseliolder to convert is probably the one whose 
kitchen range has to be kept gouig all day long for 
heating purposes. I do not tliink that my views are . 
at vaiiance with those of the author, and I put 
forward in order that he may indicate how he would 
meet the difficiilties wWcli I have raised. 

Young 5 Much has been said on tlie develop¬ 
ment of the domestic load and I hope that, now tiic 
Institution has interested itself in the matter, sopie 
actioii will be taken. The gas companies are at present 
earring out mudi propaganda among doctors and 
architects, the latter for the reason that people are just 
beginning to change houses again in a general way. 
There is no doubt that it would phy us to give professional 
men current and service at low prices; money'* spent 
in that direction would be well invested and we should 
save it over and over again in our advertising propaganda. 
How can we get tiie men in our. own industry to use 
electricity for all purposes ? Many electrical engineers 
are using gas, and the gas companies can prove it to 
the prospective electrical consumer. We must pay 
attention to that point. An enterprising manufacturing 
firm has recently made the suggestion thai we should 
do something to get the men ia our own industry to 
use electric cookers, by reducing the price of such 
ijpparatus to them. Electrical contractors will no doubt 
be pleased to carry out the installations more clieapiy. 
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or possibly at cost price, and if the supply companies 
will let them have the mains run into their houses with¬ 
out charge something *can be done. I think it would 
be an advantage if the supply companies would generallj^ 
adopt some multi-part tariff or contract rate. Tliirty 
j^ears ago few houses were wired for electric lighting. 
Many of those houses have since been occupied by 
six or seven different families, and the installations 
have been so, altered that they are of no use to-day. 
New tenants often require structural alterations to be 
carried out, and frequently the houses have to be 


rcTvired. That is the time to put in a heating installa.- 
tion. Qften we are told that the^ expense is too great, 
but a plug in each room for the heating appliance, and 
one main cable and one meter would be a great advan¬ 
tage on a contract rate. I feel tliat co-operation 
immediately between manufacturers, contractors and 
electric supply undertakings will be profitable to all 
concerned. 

[IVIr. Gillott*s reply to tliis discussion will be found 
on page 216J 


North-Eastern Centre, at Newcastle, 27 November, 1922. 


Mr. W. F. T. Pinkney : We have long recognized 
in Newcastle that the domestic load is a promising 
one, but we Jiave not pushed it with the utmost vigour 
fintil recently, as we were more or less standing alone 
in past years, and had no very clear idea at first of the 
effect q€ the load on our mains, etc. We knew also 
that cookers would be greatly improved in design, and 
in the early days consumers for domestic electricity 
were rather hard to obtain. Consequently, the selling 
of domestic electricity was relatively costly. Domestic 
users, however, if hard to obtain, were at least easy 
to retain. The position is now changed. We know 
fairly accurately what is the demand which the load 
makes upon distribution; in addition, apparatus is 
improved, and consumers are easy both to obtain and 
retain. The author's figure of 300 units per annum per 
kW installed for cooking is rather on the high side for 
an average e*figure. Improvements in cooker design 
should have the effect of increasing the average con¬ 
sumption rather than of still -further reducing it, as 
there is still a tendency to use the electric cooker as an 
auxiliary to a coal range, and improved design will 
increase the use of the former and decrease the use of 
the latter. The author's suggested principle of tariff¬ 
making is quite correct, but he has omitted to point 
out that the great advantage of a two-part tariff to the 
supply authority is that the fixed charge provides for 
a minimum annual revenue, whereas the minimum 
charges provided by statute are generally quite inade- 
qijate to meet the costs of availability of supply. I 
will show a further curve illustrating the demands on 
another all-electric village where the occupants are 
not in any way associated with the electrical industry, 
are of the working class, and have no special concession 
with regard to tariff, and the demands and consump¬ 
tion follow those of the Billingham village very closely 
indeed. When the domestic load is built up there 
will be greatly increased demands for large generators, 
cables, transformers, switchgear, protective devices* 
meters, wiring and accessories. In fact, it means 
an enlargement of the ^industry. Every individual 
member in the industry ought therefore to interest 
hii^elf in domestic electrification, and we who are 
doing all we can t<^ promote it find unfortunately a 
great deal , of lethargy displayed within the industry, 
and thei'e are many cases in this district of important 
-■'‘''.trical officials using electricity. for lighting, W 
eoal, gas and any other alternative for other 


domestic purposes. It would almost appear as if men 
were deliberately retarding the wheels of progress 
within their own industry. It is clear, therefore, 
although it may seem absurd, that much of the propaganda 
work has yet to be done amongst electrical men. The 
author's skeleton plan of campaign follows very closely 
the lines adopted in this area. He points out the advan¬ 
tage of a proposed financing company in London to 
assist supply a.uthorities : there is and for many years 
has been a similar company in Newcastle. 

Mr. W. Gross: During the past few months, thanks 
largely to the propaganda work of the Electrical Develop¬ 
ment Association, more attention has been paid to 
the selling side of our industry which, iff the past, has. 
been somewhat neglected by most engineers, though 
it is probably equally as important as technical matters. 
The figure of 300 units per annum for each kW installed 
for cooking, given by the author, does not seem to agree 
I with the formula previously published, i.e. 1 unit ^er 
person per day. Assuming that a 4 kW oven is employed 
with a family of 6 people, 1 200 units will be used 
according to the new formula, and 1 825 rmits Siccordmg 
to the old. I should be interested to know the total 
consumption of units per house per annum at Billing¬ 
ham, and also what current is used during tlie night. 
The tariff suggested by the autlior appears to be a fair 
one. If the heating load increases, however, a capital 
charge will surely be incurred tlirough tlie need for 
additional copper in the mains and extra plant which 
will have to be taken into account in forming the tariff. 
It is, however, desirable to keep the cost of current as 
low as possible for^ heating, even if the cost of current 
for lighting is higher. I do not find the labour-saving 
^argument to be very helpful, as women are conservative 
and, unless they do their own work, do not worry 
efficiency (as understood by engineers) : probably 
if men investigated matters, as suggested by the 
author, the labour-saying argument would lead to 
greater results. The author infers that the larger 
proportion of the actual propaganda work shall be 
carried out by the supply authorities; I cert^ly 
agree that they should bear the greater proportion of 
the cost, as probably 75 per cent of the profit arises 
fx'om the sale of current, but I thinlc that they could 
co-operate more fully than in the past with contractors 
and retailers, vrhp act as unpaid canvassers for the 
sale of current and are frequently in closer touch with 
the consumers. I consider it essential that any scheme 
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of selling should be arranged mutually (or that the 
supply authority sho^ild at least let the contractor 
know its plans) so that similar statements and ar^ments 
mRy be used to the consumer. Sometimes unwittingly, 
contradictory statements are made wliich prevent a 
sale being completed, and by combined effort more 
biMness may be obtained for everybod}^ I believe 
that continuous demonstrations in a permanent model 
house would lead to increased business, and would not 
in the end be much more expensive than spasmodic 
efforts lasting a short time in various houses; this 
should be undertaken by the supply authority as an 
advertisement for the sale of current, as only one 
efficient demonstration would be profitable in any but 
the largest towns. It may be necessary to hire cookers 
or other devices costing over £10 at present, but I do 
not think it is desirable or necessary to let on hire 
cheaper articles, such as irons, kettles or fires. In 
selling cookers, one is usually met with the question of 
the provision of hot water which is usually supplied 
from the cooking range. I should be glad if the author 
would state where full information can be obtained 
regarding the alterations needed (and the cost of the 
same) to enable the kitchen fire to be dispensed with. 
A pamphlet on this subject showing details of various 
suggestions would be of great interest. 

Mr. P. F. Allan: As one of those who endeavoured 
to introduce domestic electric cooking and heating in 
tlie early days *(about 1908-10), I have lively recollec¬ 
tions of the difficulty caused by the first high cost of 
the apparatus, and the subsequent frequent and costly 
renewals of elements, etc. it is gratifying to Icnow tliat 
we are now to some extent overcoming both of these 
difi&^ulties. No electrical engineer who has considered 
the question at all carefully can fail to realize tire 
tremendous importance of the possible load, both to 
the supply authorities and to the manufacturers. 
Following the precedent of some of the electrical Press, 
Pinkney has complained of the fact that some 
electrical engineers have failed to use electrical apparatus. 
There is, however, something to be said on the other 
side. Assumirlfe in the first place that the electrical 
engineer in question is able to get a house in a district 
where electric supply is available, he soon begins to 
realize why electric cooking ’and heating have not made 
more headway in this country. The prices charged for 
current in the majority of cases make any but occasional 
heating by electrical methods an impossibility for a 
man of moderate means. Cooking is not handicapped 
to the same extent, but if on an old system our electrical 
consumer may find, as I recently did, that the amount 
of load to which he is limited makes the installation 
of suitable apparatus impossible. In my particular 
case I have used electric cooking and heating apparatus 
wherever possible since 1908, and yet in a district 
supplied by Mr. Pinkne}^^ company, and where in any 
case gas apparatus has to be bought outright and is 
not supplied pn hire, I have been forced to install gas 
for cooking in pla^e of electricity. I fear that, even 
nowadays, very’ few supply autliorities consider it 
necessarjr to encourage their own sta:^ to use electrical 
apparatus by helping them either with wiring or the 
supply of apparatus. In the early days to which I 


I 

have referred there were, I believe, only two autliorities 
in the country who pursued this policy. With regard 
to the design of cooking apparatus, I am convinced 
that a great deal more could be done to produce devices 
in which the benefits of the electrical methods are given 
their full scope in order to save time and add to the 
cook's comfort. There is no necessity to follow obsolete 
gas- and coal-oven practice. 

Mr. W. C. Lambourn: From the, commercial 
aspect the paper is particulaj*ly interesting to the lighting 
engineer, but none the less to the mains engineer. The 
latter has his part to play in the attractiveness to the 
consumer. Progressive municipalities and companies 
must meet the new demand. This obviously means 
capital outlay, but inasmuch as the new load promises 
to yield a return far exceeding the liberally estimated 
lighting load prior to tlie advent of domestic load, the 
outlay will be more than justified, P'urthqi;:, tlie once 
idle copper in the daiddme will be carrying a load’ 
similar to the evening load. Where existing networks 
are fully loaded, the renewal of mains necessitated will 
have a two-fold purpose, as it would allow for automatic 
mains maintenance, which, owing to the age of many 
networks, would avert probable serious breakdowns and 
expenditure. I think that this latter course is more 
desirable than laying separate mains to meet this 
special load, wliicli would increase the length of mains 
to be maintained for tlie one purpose. I tlihik that 
careful consideration should be given when laying new 
mains to see tliat the class adopted lends itself as far as 
possible to tlie simplest, form of service connection, in 
order to allow of tlie least possible cost, thereby making 
the charge to tlie prospective consumer a* minimum, 
whidi, it will be admitted, is a very important item 
in propaganda work. The design of many networks, 
allowing for tlie lowest possible cost of the service 
cable, makes the charge to the consumer prohibitive, 
and profitable load is lost. The work of tlie medns 
engineer therefore affects the propaganda work consider¬ 
ably,. as the invariably first question of tlie pi’ospective 
consumer confirms. 

Mr. A. G. Shearer: It is surprising to find in the 
paper no reference to the electric heating of water for 
domestic purposes, as it is obvious that if consumers 
have to use coal fires for heating water they will naturally 
use the same fire for cooking. In such cases, all that 
can be hoped for is that electric cooking will be used as 
an auxiliary. It has been tlie common practice for 
some time to supply electric heaters for domestic water 
service at rates approxiniatiely one-quarter to one- 
tliird of the rates for cooking and heating, provided 
the water-heating load is a fiat demand over 24 hourf^ 
and usually consists of a heater of a capacity of 600 
to 750 watts^ Many of the hot-water installations in 
dwelling houses are not now arranged in the best 
manner for using small heaters continuou.sly. Supply 
authorities should study the question of meeting a 
continuous and steady 24-hour water-heating demand 
at a rate which would not only be,reiiiunerativ$ to them¬ 
selves but maJie water-heating aiu economically desir- 
able^proposition to the consumer; such load need not be 
m^t^red, as a fiat rate proportional to the size of heater 
could be employed. Hot-water cylinders equipped with 
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elTOtric heaters must be efficiently lagged and be of 
ufficient capacity to enable tire necessary heat to be 

XrjnH? overnight, to meet the usual 

deman^ of the household during the day. I am of 
e opinion that, given a lagged cylinder of a. capacity 
of, say, 40 to . 45 gallons, the temperature of the water 
need not be raised above 120“ F., and at that temperature 

StT, ^ negligible compared 

with ttose of the same heat input to a small cylinder 
operating at a temperature of 160“ F. to 170“ F. Until 
the domestic hot-water supply is. satisfactorily catered 
authorities, electric cooking cannot be 
so profitably operated eitiier by the consumer or the 
supply authonty. Although the advantages of electric 
wokmg do not fall short of other methods, the addition 
of economical water-heating facilities is bound to en¬ 
hance the advantages of the electric service. 

accurate, but errs, I think, rather on 
e ffigh side so far as small households are concerned 
for the cooker mstalled will probably be somewhat larger 
thM IS actuahy necessary for the number of persons 
catered for. For instance, in a household of, say, 6 per- 
sons, a cooker having a total loading of 6-7 kW would be 
mstalled and the figure quoted would be about correct, 
n a household of 4 persons, however, a .similar cooker 
may well be instaUed, and in such case tlie consumption 
will ^ found to be about 260 units per kW. With 
regard to diversity factor, the curves in the paper refer 
26 houses. If further groups of 26 were 
aken there would be found a diversity as between tho s e 
poups, so that the ultimate factor of a large cooking 

WhenT? 25 houses, 

en connectmg a domestic load the question of balance 

require attention first, and it appears 
^^able for a record of apparatus connected to aU 
ic ^ hiring scheme 

,•! tJie undertaking 

IS better able to keep m touch with a consumer using 
app^tus than with one using owned apparatus 
uppose, for instance, that an oven element fails. If 
e cooker IS hired the hirer will soon advise the under- 
nff cooker is owned the repair may be put 

off from day to day and the housewife or cook, faitog 
^ get the good results which we claim she ought to get 
o-Ana prejudiced against electric coofcing^in 

me past few days where a cook was dissatisfied with 
n oven, and had been so for some time. On ffettine 
^u.ffi with the owner he agreed that we shoSd 
^ elements were found to 

have f^ed. Th^e were replaced, the cook is now pleased 

service. We have in this 
^tact a large number of cookers out on hire and are 
^dmg cookers out at a.quicker rate than ever before 
reasonable and such as consumers are 
qmte r^y to pay, despite the fact that they are liigher 

STeffSrof?^!.'’'r ^^en'^ionsidSg 

S a S a cooku^ demand on the maximum demand 

v^rii^i that the time of the former 

d^ermt networks according to the class pf 
resident m the locality. In cases wfiere more than one 


network is supplied from one station, this further in- 
creases,.the diversity of tlie demand on that station, and 
also the amount of cooking apparatus which can be 
connected without extra expenditure on plant. 

Mr. F. W. Muncasler; The subject of the paper 
IS one which is exercising the minds of many engineers 
at the present time. It is beginning to be realized that 
coiwumers’ business should be dealt with by specialists, 
and not by any odd man on the undertaking who 
may have the time to spare. We may congratulate our- 
selvM on being among the pioneers of active propaganda 
in tlus Section. I trust that the paper may bring home 
tne fact that the domestic load has possibilities wliich 
me capable 04 dwarfing power loads in any district. 
The process will, however, be a gradual one and the 
new conditions can, in consequence, be met as they 
develop. The curves and figures relating to Billinghain 
shoffid be tak®n as. being on the liberal side, owing to' 
the fact that the tariff enjoyed by the consumers, who 
are aU on the power company's^taff, is not an economic 
one. Nevertheless, the results are quite satisfactory 
rom a mains point of view. The maximum demand 
IS 11 per cent of the connected load, and the average 
maximum demand is 8 per cent of the connected load. 
On another housing scheme with almost identical equip- 
meiri to the above but supplied mider an economic 
tanif, the maximum demand is 8 per cent, and the 
average maximum demand is 6 per cent, of the connected 
load. Refernng to the remarks on page 200 under the 
headmg "pie Consumers’ Gain,” I would remark that 
it is difficult to prove that Jhe electrification of a hon.se, 
where only one maid is kept, can reduce the domestic 
labour employed. Electrification does, undoubtedly, 
lighten labour, but it cannot eliminate the human 
elem®nt enthely. The author suggests the enclosure 
of leaflets with the quarterly accounts. I would ask 
mm if he has had any experience in this direction, and, 
ri so, what results were obtained. I ca^ hardly conceive 
mat the moment of receiving a .bill is a propitious timA 
to suggest to a consumer that he should adopt means 
to mcrease it. I am of the opinion that it is worth the 
extoa postage to make the appeal at sdme other time, 
and, in order to make the same as effective as possible, 
to vmte personal covering letters drawing attention to 
special points in the advertising matter enclosed. With 
the remainder of the paper I am in complete agreement 
and I trust that the outlines of the scheme may bfe taken 
up and amplified all over the coimtry. It is only by 
» determined effort that we can hope to make substantial 
progress, for it must not be forgotten that we have a 
powerful opposition to combat. 

Mr. 'T. Carter: This paper is far more a purely 
commercial one than a technical one, and I should 
like to make a few remarks from the point of view of 
the consumer who, amongst others, is to be the subject 
of the proposed propaganda. The author says that 
it IS good business to prove to a consumer that his 
adoption of a domestic or multi-part tariff does not 
increase his normal lighting accouirt, but if the figures 
quoted in the paper are to be taken as representative 
of the average domestic tariff, I fear* that jt will be 
cKfficult to convince me of this. My average consump¬ 
tion shown by my lighting bills during the past two years 
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is about 130 units per annum, and mine is a house where 
there is about 1 kW of^lighting installed. This means 
that I am using only about 43 per cent of the amount 
that the author says I ought to be using, and if he 
proposes to charge me on the basis of his view of my 
requirements and not on the basis of what I am actually 
using he will increase my lighting bill out of all recogni¬ 
tion, and I shall be found unwilling. The ordinary 
consumer will object, too, to be told that the cost of 
wastage or extravagance is so small that it can for 
practical purposes be neglected; he may rightly tell 
a supply company advancing that plea that if a cost 
of IJd. per unit is negligible for wasted light it is also 
negligible for useful light, and they had better omit 
it from his bill altogether if they care lo little about 
it. The great lack of the paper from the point of view 
of propaganda is that it does not give any simply 
stated costs of doing things by the use of electricity. 
A gas company will tell me that I cAn heat a room at 
a cost of so much an hour, and I find that their figures 
are reasonably correct and reliable. Something of the 
same sort is wanted to convince the non-technical person 
tliat it will pay him to put in more electrical appliances 
than he has had before, and the settlement of the whole 
affair really rests on a question of the cost of working 
and the cost of installation. What, for . example, do 
the Billingham consumers pay per annum for the fairly 
extensive installation that they find in their houses 
when they go irito them ? Do they pay at the garn« 
rate as I should pay at if I put in the same appliances 
as tliey posse-ss ? Or have they preferential terms that 
make it worth their while tb use electrical appliances 
in a way that I could not think of doing ? At present, 
on a j;'ough estimate, I think that I am paying about 
£20 per armum for my whole consumption of coal, gas 
and electricity: how much should I expect to pay if 
I did everything electrically? If convincing data 
of this sort could be gj[ven to those who ask, would 
there not be a great response ? At present we are apt 
to be told that, being electrical engineers, we ought, for 
the sake of our industry, to install these things and 
on the ground «of expediency, stand any extra cost 


I there may be, but are we, as trained persons, to allow 
I ourselves to be persuaded on those grounds ? If the 
I supply companies think it so m-vch worth while to 
j have electrical engineers living in all-electric houses, 

I had they not better come along to us and make it wortlr 

1 our while to give them this advertisement? Surely a good 
advertisement usuaUy means that the advertising medium 
receives something for it. We await their proposals. 

Mr. A. W. Crompton: None of the previous speakers 
appears to be concerned with the matter ai dealt with 
by me, namely, the supplying of the large and—no 
doubt as a result of the author’s endeavours and the 
consequent discussion—^the rapidly increasing demands 
for heating and cooking supplies from consumers on 
networks which were originally laid out for lighting and 
small power supplies only. One would gather from the 
paper that, due to the large diversity of cooking, very 
httle inmease in the capacity of the mains would normally 
be required. Referring to the charts on page 199, it 
would be of interest to know what demands are exp^- 
enced after 6.30 p.m., as in every case with the exception 
of Wednesday (when the load reached IS-6 kW) the 
demand at this time was very little more than that 
which would be due to the lighting only. I understand 
that the houses at Billingham have also coal fires and 
therefore, being small houses where no maid is kept, it 
would har^y appear likely that much use will be made 
of the radiators. I am of the opinion that in larger 
houses the heating would be much more regularly used 
and therefore the capacity of the mains, having regard 
to the existing allowable voltage variation according 
to the Board of Trade Regulations of ± 4 per cent, 
is soon reached, as heating imder such conditions very 
frequently overlaps the purely lighting peak. It is 
hoped that further tests and records similar to those 
shown, but where a bigger proportion of heating is 
connected, will be made in the near future and thus 
enable new networks to be laid out or existing ones 
to be strengthened as economically as possible. 

[Mr. Gillott’s reply to this discussion will be found 
on page 218.] 


Liverpool Sub-Centre, at Liverpool, 11 December. 1922 


Mr. H. Dickinson: In every trade list and circular 
many new forms of apparatus are given, thus showing 
that the manufacturers have made up their miudg tliat 
there is good business to be done. The author mentions 
many ways in which the domestic load can be developed 
and I think we must all agree with the suggestions which 
lie makes. The difficulties facing electric supply under¬ 
takings are, I think, two. In the case of a d.c. supply 
such as we have in liverpool, where we supply very 
long distances from our substations, we are bound to 
find trouble in maintaining the pressure at the ends 
of the distributors. A big campaign for the develop¬ 
ment of the use of domestic appliances is of no avail 
until we have some method of dealing with the load 
which it will givfe. We have been considering for some 
tune the bbst mbthod of putting ourselves in a position 
to deal with this load, which we hope will in time be a 


very large one. Where an a.c. S3rstem is adopted it is 
a comparatively easy matter to employ additional sub- 
stations, but when a new d.c. substation, costing many, 
thousands of pounds, has to be installed, it is a very costly 
matter. After considering the matter very carefully 
we decided in the meantime to put in automatically; 
controlled substations, and we hope by this means 
to handle the domestic load as it grows. If the experi¬ 
ment is not satisfactory and we have to revert to a throe- 
phase system it will entail the scrapping of the whole of 
the present mains, and we are "naturally not anxious to 
do this. I quite agree with the author that we want a 
two-part tariff, a fixed rate and,, a Jo'w runiyng cost. 
It remains to decide what the fixed^rate is to be based 
upon. The rateable value system is not by any means 
ide^.» It has the disadvantage that in the better- 
class areas in a town the fixed charge bears a higher. 
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proportion of thO total cost than is the case in the poorer 
districts, with the result that in the better-class 
districts the fixed charge will amount to a higher figure 
than the lighting charge would be on the flat rate, 
whereas in the poorer districts the fixed charge may 
be less than the cost for lighting. This difficulty might 
not be serious if the consumer equipped his house 
throughout with domestic appliances, but in the early 
stages where the consumer installs only a small amount 
of apparatus the position becomes a hardship. If the 
tariff is based on the kilowatt basis, as the author 
suggests, it means that the supply undertaking will 
have to check the number of lights every year to see 
whether the consumer has added to his installation. 
If this is not done the consumer may be getting more 
light at a, rate lower than that to which he is entitled. 
I should like to see some fixed basis adopted which would 
requke tl^ nunimum of checking. Has the author 
ever considered the area occupied by the house or, say, 
the number of rooms in a house, as a basis ? In a 
scheme of t^^ sort the various types of houses would 
have to be divided into a number cf categories, possibly 
half a dozen. The author mentions that he does not 
propose to deal with tariffs, but it would be of great 
^istMce if he would give us any experience he has 
had, because a simple and satisfactory tariff is badly 
needed, and if we had that I am quite sure we could 
get the business. On page 197, the number of units per 
kilowatt of demand is given as 3 240, but on page 200 
pother case is given of 290 000 units with a maximum 
demand of 190 kW, which works out at 1 626 units per 
kilowatt of maximum demand. If the figure of 360 
umts instaUed, given on page 197, is taken and a 
siralar fi^re for the instance given on page 200, the 
ratio of the maximum demand to the kilowatts installed 
•IS 1 to 3 in one case and 1 to 9 in the other. Can the 
authorexplamthis ? The author refers to the desirability 
of interestmg the ladies in this class of . work, and I 
My a^ee vnth Mm l think that if the housewife 
j ®^°***^* of work she could save, she would 

do aU the canvassing necessary. I think that it is 
generally appreciated that there is an enormous demand 
to be catered for, wMch wiU take time to secure 

conffitaons necessary for successful domestic load- 
buil(^g, i.e cheaper current, and cheap and good 
^phances. Without this combination I b^eve thlt a 
great d^l of time may be devoted to propaganda with 

the supply engineer is to decide whether the demand 

ve offer cheaper rates and, if we. can afford to do 
tMs, lie domestic load will build itself without any 
ve^ elaborate organizing effort being necessary. The 
.be»t propagandist is a satisfactory service, wffiS^annot 

has rather concentrated on the cooking side but I 
have found ttat electric heating, while equ^y profitable 
tu the supphen isemore easUy introduced to tiie home 

ma Its more obvious advantages. When the 

lubit IS ttorongtly estebUsLol cookme mav 
b.f, tte pot. rf 


work, I believe heating to be a safer recommendation 
to the domestic electricity user than cooking. Howe^*er, 
I do not think that we shall approach the usage common 
in America unless we can supply the domestic load at 
much cheaper rates than are usual in tliis countiy. 
Taking the published rates of 10 iindertaldngs in South- 
West Lancashire and Cheshire, the lowest heating Snd 
cooking rate is IJd. and the highest 4-id., while the 
majority are not less than 2d., and at these rates my 
experience is that electric heating and cooking is a 
luxury quite worth paying for by those who can afford 
it but rather out of reach of the type of consumer for 
whom the supply authority must cater if it is really 
to dislodge thp gas suppliers and put electric heating 
and cooking in the same position as electric lightijig. 
The author has estimated IJ million tinits from 500 
consumers with a maximum demand of 600 kW on 
the station, which^means a load factor of nearly 25 per’ 
cent ^d, if we can feel assured of this load factor, 
anything from 0*76d. to Id. wculd be a fairly profitable 
rate. At the lower figure, at least, the rate would 
need little in the way of external.propaganda to recom¬ 
mend it. Under these conditions reliable appliances ^ 
would sell themselves and help to build up the load. 

I believe that a low flat-rate is more likely to attract 
the domestic consumer than even a more favourable 
two-part tariff which is difficult to explain to the house- 
mfe, and I do not care for any two-part tariff whicli 
measured maximuip demand. All 
o hers if they are successful result in. tile increased sale 
of units at a low ra,te ; the^low rate may well be offered 
m an understandable form. The electric iron is a 
va uable propapndist but many makers spoil an 
othe^ise good job by providing a poor connection for 
the flexible. Every small electrical trouble* tends to 
shake the confidence of the user in all electrical 
appliances, 4nd a consumer who has used an iron for 
12 nxonths without any trouble is mor^e likely to install 
coolang and heating apparatus than .one who has been 
bothered with short-circuiting flexibles. Irons, radiators 
and boihng rings can be purchased fairly cheaply, 
but the full electric cooker—which colnes into direct 
competition with the very much cheaper gas oven— 
must, I tlunk, be reduced in price if it is to become an 
article of general use. The meehanical details in small 
do^stic appliances are frequently faulty, especially 
at the terminals, and if manufacturers would pay nv>re 
attention to these points and supply an article less 
easily damaged and more easily repaired, they would 
help the supply undertakings to foster the domestic 
load desired by both. While, under favourable con- 
ditions I see no great difficulty in building the domestic 
load, the policy of domestic load building by encourag¬ 
ing heating and cooking is not quite so clear, at llie 
present time at any rate. During the past few years 
the cost of appliances has put the extended domestic 
use of electricity rather out of court, but even if a 
spontaneous demand had arisen many supply under¬ 
takings have not a suitable distribifftiiig system in being 
to meet increased demands without considerable addi¬ 
tions to mains ^d services, which it \yoiild have been 
^hsh to undertake at the prices ruling until recently, 
ilus, no doubt, partly accounts for the slow progi*ess 
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made in recent years, but cable costs are now coming 
down to a figure at which one may hope profitably to 
increase or extend the mains system to meet additional 
domestic uses. I think that there are good prospects of 
increased sales in the domestic field in the near future, 
especially if the load factor of the supply proves to be 
anything like that suggested by the author's curves and 
figures, which will justify the cheaper rates suggested. 

Mr. S. Ek Britton ; My house has been completely 
electrically equipped for more than 10 3 ^ears, and 1 
am quite satisfied tliat tlie results that can be obtained 
for lighting, cleaning and cooking cannot be obtained 
by any other means. There are, of course, one or two 
difficult problems in connection with, the supply of 
electricity for domestic purposes. These are, as men¬ 
tioned by Mr. Dickinson, distribution and tariffs. I 
quite agree with the author's pouit of view regarding 
showrooms, advertising, exliibition^ and other means 
of giving publicity to the value of electricity in the 
liome. The one unsatisfactory feature of publicity 
propaganda is that it is extremely difficult to gauge 
the actual amount of business obtained by such means. 
Any developments which talce place after publicity 
are naturally attributed to it, whereas it is possible 
that some of the developments might have taken place 
without any effort on the part of the undertaking. For 
that reason 1 do not believe in spending large sums of 
money; frequent, inexpensive reminders are probably 
all that are necessary to achieve the objects in view. 
On the question of tariffs I quite agree with Mr. Dickinson 
that it is essential to have a^two-part tariff in connection 
with tile suppty of electricity for domestic purposes. 
It does not seem to be very important whether it be a 
kilowatt charge, a maximum-demand charge, a two- 
rate meter, a charge based upon the rateable value of 
the property', or a charge based upon the floor space 
as in Dundee, for meeting the standing charges, plus 
a low price pej unit.*. All these methods have their 
good and bad points, and I do 3 iot know of an)j^ two- 
part tariff wliich is absolutely correct. It becomes 
a matter of expedience, and so long as a tariff is in use 
wliicli enables flie business to be obtained on a profitable 
basis, and the consumers are reasonably satisfied with 
the cost, it is not of great importance which of the 
foregoing methods is adopted. The diversity factor of 
9, referred to on page 197, is a very encouraging achieve¬ 
ment. If tlie author can obtain additional instances 
to confirm this very liigh figure, the fear w^hich is fre¬ 
quently expressed in connection with small under-^ 
takings as to the inability of their systems of distribu¬ 
tion to cope with domestic electricity supply, and the 
cost of larger mains will soon be forgotten, and every 
undert^ng would soon strive to obtain a substantial 
domestic load. Another matter wliich, in my opinion, 
is an appreciable drag upon the development of domestic 
electricity supply, is the attitude of the Electrical 
Contractors' Association. I have not yet been able to 
see the logic of tlie Association's attitude towards the 
selling of electrical'Apparatus municipal autliorities. 

In the case of electricity supply companies the Associa- 
hon do iiot attempt to control the,sale of electrical 
alpparatus and tlie >viring of consumers' premises by 
such authorities, but as soon as undertakers who are 


local authorities embark upon such' work, the con¬ 
tractors attempt to make themselves heard. They 
entirely ignore the fact that priol: to the supply there 
are no contractors in many of the towns, and altliough 
the undertakers invest large sums of money in promoting 
the supply they are asked to await the pleasure of othei's 
to come along and provide the needs of consumers in 
the sale of apparatus and the wiring of consumers’ 
premises. Undertaldngs which submit to this cannot 
develop as rapidly or be of as great a benefit to the 
inhabitants of the town as those which do undertake 
every possible work in the interest of both consumers 
and undertakers. It is only necessary to observe the 
acliievements of the gas supply industry to realize the 
extent to wliicli the electrical industry suffers by the 
refusal of electricity supply undertakings to sell appara¬ 
tus and ca^ out wiring work. On the question of 
liiie and hire-purchase, it is very often advantageous 
to develop the use of a particular piece of apparatus'* 
by supplying on hire, but the opportunity should also 
be given to consumers to obtain the apparatus dii hire- 
purchase or to purchase outright in the first instance. 
Pile paper does much to remove the objections which 
have been raised in the past to the development of 
domestic electricity supply, and I tliink it has come 
at a very opportune moment and at a time when station 
engineers may anticipate considerable business from 
the supply of electricity for domestic purposes. 

Mr. O. C. Waygood: The financial aspect of the 
problem is what the public will require information 
about, and propaganda work of the nature outlined in 
the paper will not, I feel, be very convincing. Let us 
assume that it is desired to install a 2 kW radiator, 
and use tliis to the extent that the drawing-room coal 
fire could be eliminated. A coal fi^re of this description 
would consume 1 cwt. of coal in 60 hours which, with 
coal at 45s. per ton, would cost approximately 0*5d. 
per hour. To make the electric fire equal to this in 
cost of running, energy would have to be supplied a.t 
0*25d. per unit, compared with 2|d. (the figure (juoted 
in the paper). In addition, the maintenance charges 
due to the elements fusing would have to be met. 
With regard to cooking, I give below relative figures 
of the price of electric and gas cookers, and their cost 
of hire. 


Cooker 

List price 

Cost of hire per .'inmim 

Electric 

£22 

20 per cent = £4 8s. 



(See page 202) 

Gas 

£10 

3 per cent =;: Os. 

From this comparison I estimate that with electrical 


eirergy at 0*5d. per unit, and gas a.t*’»10d. per 1 000 cubic 
feet, cooking becomes a financial proposition. The 
author refers to the present tendency to cTiarge l|d. 
per unit, but can tliis figure be t«,ken as aai average 
charge ? Experience suggests that the inclusive figure 
is much higher. These facts must be faced and dealt 
with in any propaganda programme. Modern example^ 
of huge business enterprise have been built up by 
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catering for the faasses, and if the small consumer is 
to be encouraged to cook and heat by electricity the 
supply must be available at a reasonable charge. I 
maintain that if the supply authorities set themselves 
out to do all in their power to provide electricity at a 
price comparable with that of gas, the valleys of 
their load curve would soon be filled up. It is necessary 
to impress upon the minds of the public that the power 
obtained from electricity is far more conveniently 
handled than that obtained from gas. Dr. Ferranti 
once remarked : * The smoke nuisance in our cities 
will be abolished as soon as the people realize that a 
pure atmosphere is worth paying for."' But the present 
cost is too Wgh. If it is impossible to get cheap energy, 
efficiency with rehability should be the aim of manu¬ 
facturers of domestic apphances. Several tests have 
been made in the Laboratories of Applied Electricity 
of the Uni's^ersity * of Liverpool in order to anive at 
the efficiency of apparatus used for raising water to 
the boiling point, and it is interesting to note that 
with tb^ immersion-type heater, under ideal conditions, 
tile efficiency is 90 per cent. The efficiency of the well- 
knowm immersion-type element heater averages about 
80 per cent under pormal conditions. With the stan- 



rntte 

Fig. a.— Efficiency tests on a 0*76 kW “flat-ring type boiler, 
boiling 1*6 pints oi water. 

dard ring-boiler t 3 ^e of about 0-75 kW capacity, the 
maximum efficiency w^as 38 per cent (see Fig. A). 
These flgures show that in order that customers may get 
the best results, the immersion* type is the one that the 
manufacturers should standardize for kettles. It would 
be interesting if some further tests could be carried out 
with a view to obtaining the efficiency of other types 
of domestic appliances. This is very important and 
will be more so if tlie cheap, unit is not available. The 
author's statement tiiat the consumer should be taught 
to belitye that he is only paying Ijd. per unit, whereas 
in r^lity he is paying 2Jd. per unit, is not good 
business, and certainly will not encourage it. Let*us 
give ^e public reliable flgures as to what the use of 
elec^icity means to ’them financially, in stead of disguising 
the information or maldng “the figures mean something 
more than they do, 

Mr, E, Moxon: I quite agree with the author^that 
it is absolutely essential that an experienced staff, 
should be ^available for any campaigns launched, also 
that this staff should have absolute confidence in 
the ^lectncal appliances that it is proposed to press 
for sale or . hire, as the case may be. They shf^uld 

♦ See Journal 1,E.E,, 1914, vol, 62, p. 36. 


have good organizing ability and be tactful, to 
enable them to deal satisfactorily witli tiie matter.. 
The author gives a figure of S'OO units per annum 
as the average demand in houses for lighting pur¬ 
poses. I am inclined to think that tliis is somewhat 
high for large houses, but that it is nearly correct for 
smaller property. I do not agree with the corabin«?d 
tariff that he men^tions, for the following reasons. 
Take, for example, a consumer having 1 kW of lighting 
installed and radiators amounting to 10 kW in all 
(the radiators being used during the winter time only), 
consuming 300 units per annum for lighting and 1 000 
units per annum for heating, and against ttiis take 
another consumer having 1 kW of lighting installed and 
a 1 kW radiatoiTused regularly during tlie summer and 
winter, and consuming the same number of units .for 
lighting and heating as in the previous case. Although 
the average cost of current per unit consumed is the 
same in each case. It will, I think, be admitted that 
the second consumer is much piore profitable to the 
supply authority than the first; in fact, the author's 
suggested rate on the combined charge in its present 
form destroys tlie object of tJie maximum-demand 
system and is little better than a^ maximum-demand 
charge for lighting witir an independent flat-rate for 
heating, "with the saving grace that it only requires 
one meter with common wiring for all purposes. I 
should prefer a similar form of tarifl: with a fixed, cliarge 
per kilowatt of maximum demand, having a minimum 
annual payment against this portion of the rate to 
cover tile landing charges suggested for tlie lighting 
installation, tog;etiier witha low flat-rate per unit 
consumed, reducing eitlier by a sliding scale or discounts, 
^ppl3^^§f only to a certain consump“tion per kilowatt of 
maximum demand, the lower rates to apply successively 
after calculating progressively the charges due first 
on the higher ra'ting. Such a tarifl would require the 
addition of a demand indicator ^to that suggested, but 
only one meter, whilst tiie waring could''be common for 
all purposes. This would give advantage to the con¬ 
sumer with the better load factor and encourage the 
use of electricity for all purposes, partiicularly regular 
hea*ting during the summer months, whicli in a purely 
residential town is much desired. With regard to 
the domestic load on Sundays, the author would, by 
reference, find tliat the conditions wliich he mentions 
^PPly cliiefly to industrial towns and not t6 those of 
a purely residential character.- I think that the day 
^will come when electricity ■wall be used for all purposes 
in preference to coal or gas, and anyone dealing with 
this subject must take into account the advantages 
derived from the convenience, handiness and cleanliness 
obtained wfficn using electrical appliances, as an oflset 
against any slight increase in running costs, whilst 
the' decreased annual expenditure on decorations, 
carpets, upholstery, etc., will be considerable.. 

Mr .A. S, Wilson: I should like to say a few words 
from the manufacturers' point of view,. Our ultimate 
goal is, of course, -the consumer, and J feel that there is a 
tremendous field awaiting us for tiie sale of current and 
appliances as soon as om* combined efforts have im¬ 
pressed on the con'sumer “the efficiency and convenience of 
domestic electric appliances.* This necessitates increased 
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propaganda in respect of the domestic load, and in regard 
to advertising I consider that the supply authorities 
can still do a, great d^al, as the consumers look’to them 
or information rather than to the contractor or the 
manufacturer. In tlais connection I feel that much 
could be done by the supply authorities if tlieir representa¬ 
tives, such as meter readers and inspectors, who regularly 
visit consumers, were well instructed as to the possibilities 
of this class of load and were to take all favourable 
opportunities for pusliing this propaganda work amongst 
the actual consumers. The difficulty of a manufacturer 
of cooking apparatus in discussing domestic load-bnild- 
ing IS that it is at once assumed that he is financially 
interested. This is to some extent true, but at the same 
time it must be remembered that th^ manufacturers 
and sellers of appliances are doing all they can and 
spending all the money tliey can afford on exliibitions, 
fitting up showrooms, etc., and general educational work 
amongst tlie public, I consider that this expense should 
not be-confined to any one of those who will benefit 
by the increased use of electricity for domestic purposes. 
In other words, tlie cost of selling to-day, particularly 
m this line of business, has reached a very high figure 
cuid it requires to be spread a little more fairly over 
those benefiting from tlie sales of botli appai-atus and 
power. The public are beginning to show a keen 
interest in the benefits arising from the use of. electric 
supply for heating and cooldng, and the curves given 
in*the paper appear to show tliat this load is a paying 
proposition and also prove conclusively that the load 
does not coincide wdth tlie lighting peak, the fear of 
whicli has apparently influenced certain supply authori- 
hes against encouraging the development of this load. 
Anotiier direction in which they might furtlier this 
^use was suggested at a meeting of the Electripal 
Development Association in London, i.e. that the 
supply authority might strongly urge on each new 
consumer that a reasonable number of power or plug 
points should be initially installed with a view to the 
extension of tliis load, as such advice would be more 
readily received from ^e supply autliority than from 
- There is no doubt that every consumer 
will eventually use one or more domestic appliances 
and will then congratulate himself upon having these 
plug points already installed. The majority of existing 
installations can already carry two or three times tlie 
amount of load at present connected, as there are a 
number of small appliances such as irons, boiling rings, 
kettles, vacuum cleaners, etc., which are available 
^d can be operated from existing points now supply-" 
mg-only, say, a 30-watt or 40-watt lamp. These con¬ 
venient appliances consume, say, 600 to 600 watts 
^d general extension of their use will almost 
invariably lead to tlie adoption of heavier; cooking 
apparatus, provided the supply authorities offer a 
reasonable tariff and maintenance service to meet 
the same; From the remarks made in the discussion 
by representatives' of the supply authorities it is very 
encouraging to note lhat such a service is being generally 
considered, and I think that furtlier advantage might 
be taken of the resources of the Electrical Development 
^SSoaati4Dn whq are showing a very ^lively interest in 
wus; matter. The lectures being given under their 
VOL. 61. 


auspices are doing much to bring home to the sellers 
the amount of work which has yet to be done before we 
can secure a demand that will justify even one-third 
of the firms now interested in electrical heating and 
coolang devices remaining in the business. I consider^ 
however, that the close co-operation of all concerned 
I would result in a tremendous influx of business from 
this field' as soon as the public are made to realize 

e saving in labour to be derived from the all-electric 
home. 

Mr. R. H. Watson : From the electrical contractor's 
view the author's suggestions for domestic 
load-building propaganda are very valuable. The 
contractor is the best canvasser the supply authority 
has, as his. problem is tp persuade people to adopt elec¬ 
tricity for every purpose. I should like to offer one 
or two suggestions with the view to maldng it easier 
^d cheaper for consumers to install power-consuming 
defaces. In Liverpool the . supply authority lays a? 
mam into a house to deal ^vith at least 6 kW. Usually 
the consumer starts with a lighting load only, and 
the contractor fits service switches, fuses, wiring., etc., 
for a 10-ampere load; and the supply authority fits: 
a 10-ampere meter. Wlien the consumer wishes ta 
have power for heating or cooking tlie contractor has 
to tell him that the service switches must be changed- 
for those rated at 25 amperes. The cost of this change 
is often more than the actual wiring to the power-: 
consuming point. I think that the supply authority 
might require a 25-ampere service always to be fitted; if 
this were done the contractor would gain by not 
having to stock 6-ampere and 10-ampere fittings, and 
the supply authority need not stock 6- an^ 10-ampere 
meters. The consumer would then be able to obtain 
Ins extra wiring at less cost. If tlie supply main is 
always installed for a minimum of'25 amperes it would 
be reasonable for &e service switches, etc., to be of 
I the same size. This is, of course, assuming that the 
diarge for current, either for Ughting or heating, is a 
flat rate. The rate for diarging is really not within the 
contractor’s province, but from my own experience 
I would say that a flat rate is desirable, as it is much 
e^er to. get the consumer to understand it. I think 
that, owing to the demand for electricity now. being 
universal, the supply authority does not need to offer 
separate rates, and that a mean rate could be foun&. 
for all purposes. In the case of three flats which 
my firm reCMitly wmed, if the donsumer’s requirements 
for power and lighting had been met at separate rates' 
it would have necessitated the installation of 8 meters. 

I think that the author’s fijced charge per kilowatt on 
the 'two-part ■tariff is ■top high. In my o'wn house with 
an annual consumption of 200 units for lighting, and 
200 units foj power, at tlie current flat rates the total 
cost w^ only £7 2s: 6d. As regards the author’s 
Shgges'tion of municipal showrooms, contractors would- 
have no objection to this, provided that sales were no't 
effected direct witli the public. The showroom should 
not be run for profit, but shoujd pe a change on the. 
electricity department. One speajj^er in the discussion 
expressed suiprise that the Electrical Contraotors’; 
Association objected to mrniidpgjities running showropmS’ 
afld selling tp , the . public, claiming that the supply, 
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reolv toTlfpnbUc. In 
to rnnn’ ' *. th® Association object 

Sh^T r tl^e same reason that any 

if tlio sections of the community would object 

If the nmmcipaJxty started in competition with the rate- 
pay^s In conclusion I think that propaganda work 

njTri^ departments of munid- 

panties held occasional informal meetings with the 
TOntractors in their distiicts and discussed propaganda 

ore, as I feel sure they would receive some useful 
information from contractors. 

7 **'-*** Tavernor : I have notliing to add to 
Mr. ISelson s remarks, but I may say that in my district 
where the average house has only 10 to 12 lights it would 
not be advisable to have a tu'o-part tariff. I think 
that an electric fire, a kettle, and a boiling ring are 
far better than a cooker in tliis size of house, and the 
consumer slmuld be encouraged to add these, and so 
m^e up a good power load. In my opinion the ordinary 
lighting and power rate is by far the best, as the two- 
rate tqjifT is too complicated. 

Mr. J, H. Collie: It seems a very unbusinesslike 
arrangement to have large power stations whidi are 
only loaded to anytliing like their capadty for a few 
Iiours a day, and anything tliat can be done to encourage 
a domestic load whidi will improve these conditions 
IS well worth e.xploring. I .should like to enumerate 
a few of the dilKcuIties in the wav of bringing these 
appUances into more popular use.' In the first place 
very few supply authorities have been in the position 
to supply tire necessary poweir, chiefly because when 
disti-ibutiou mains were laid they were only of sufficient 
capacity fop what was considered at that time to be 
the likely maximum lighting load. Consequently, 
when heating and cooking, supplies are taken from them, 
it generally means that the voltage suffers very con¬ 


siderably. This has been overcome to some extent 
by the use of a.c. distribution with rotary converters 
feeding '"into the low-tension mains. Another very 
important drawback to the general use of these appliances 
is the present liigh rates for electricity. Until autliori- 
ties reduce the present charges and institute some system 
of payment based on rating, or charging at power rates 
all power used above a certain amount, I feel that there 
will be very little demand for electricity for domestic 
purposes. Again, most premises require extra wiring 
for an 3 ’'tliing above a 500-watt circuit, and this means 
a fairly heavy iaiitial expense, i.e. from £10 to £20 
for even a comparatively small house. Perhaps some 
arrangement of free wiring or payment by instalments 
might overcome this dif&culty. We are also rather 
handicapped in this country as compared witli America 
as regards fittings. The standard bayonet lamp¬ 
holder is not nearly so suitable for power connections 
as the Edison screw type, which will carry anything 
up to the capacity of tlie flexible supplying it. Also, 
the ordinary tumbler switch is not so good as the 
American type of rotary switch. It is therefore not 
safe to use on the majority of lighting circuits in this 
country, appliances which take more tlian 3 or 4 amperes. 
It is now, however, possible to obtSiii bayonet holders 
and tumbler switches which are a great improvement 
on the old ones from a current-carrying point of view, 
and it would be worfcJi wliile for supply autliorities to 
encourage the use of these types for ^ny installation 
where smaller domestic articles, such as kettles, boiler.s 
and small radiators are likely to be used. If this 
were done, it would not be .^necessary always to install 
separate circuits and plugs. 

[Mr. Gillott's reply to this discussion will be fdlind 
on page 216.] 


North Midland Centre, at Leeds, 19 December, 1922. 


Mr. P. Furness; The majority of engineers do not, 
I think, appreciate the domestic side of electricity 
supply. One of our chief engineers in Yorkshire 
recently told me that he was very much afraid of 
domestic load at the present time in view 
of the fact that the cables in many of the outer dis¬ 
tricts were on the small side. It appears to me that 
this paper will do much to dispel such fears. Is the 
figure of 300 units per kilowatt of lighting installed 
obtained from a middle-class dwelling ? It appears 
to m'b to be rather high; I should have thought th^t 
24r0 units per kilowatt would have been a good average. 

I agree with the author's opinion that once a consumer 
is satisfied he tells his friends. In one of^-our districts 
where we induced a number of consumers to adopt 
the residential or two-part tariff this has occurrejd, 
with the result that we have now got some 60 per cent 
of the domestic consumers on that rate. With regard 
to the question of ^nsJaUing electric heating, cooking 
and domestic appar§,tus, I tliink that the great dis¬ 
advantage at the present time from the point of view 
the medium-class customer is tlie cost, and the 6nly j 
** of getting this, apparatus installed is by .some form ' 


I of hire-purchase. For instance, a consumer is not 
likely to pay £40 for a washing machine. j,In our district 
many people are desirous of putting in all forms of 
electric heating, cooking and domestic apparatus, and 
if cheap liire-purchase were available they would do so. 

Mr. H, G. Fraser: I should like to know if the 
author has any curves applicable to a residential district 
Those given in the paper were of working-class housing 
^schemes, and there would , probably be a distinct 
difference between the two sets. Mr. Furness has 
said that cables were one of the difficulties in the Vl^ay 
of cooking and heating. This is to a certain extent 
true, although I do not think that one worries much 
about it. I tliink the chief drawback in the West 
Riding of Yorkshire is the difficulty in getting the 
consumer to buy the necessary apparatus. Even 
when he has got the apparatus he is very chary about 
paying for current unless he can get it at a cheap rate. 
One would imagine that 1 Jd. per unit is a fairly reason¬ 
able rate for cooking and heating, yet it is not easy 
to sell a large amount of current at ‘that price. I 
should like to h^ar other " people's experience in this 
connection. If one. could get a reasonable hire-purchase 
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system, combined with a good showroom, one might 
even get over the difficulty of the unit price, but in a 
^eat many municipal undertakings there are difficulties 
m way. A large number of us have no selling powders, 
which is a great drawback, and we also have no wiring 
powers. I think that if one could go to a consumer 
and say: " We will put this in for you, we will let 
you have it on a reasonable hire-purchase system, and 
we will fit it up, wire it, and send someone to look after 
it every now and again,'* one would have a good prospect 
of doing business, but I do not think that it is sufficient 
for the consumer to be left to buy the article with as 
much assistance as possible. In addition, there will, 

I think, be a great difficulty in selling electricity for 
cooking purposes unless there is a good liire or hire- 
purchase system in existence, and unless the under¬ 
taker has full powers to carry out the installation and 
Kelp the consumer throughout. 

Mr. R, E. Gamlen : I think that in a new district 
one of the chief questipns which people ask is: *' How 
does cooking by electricity compare with gas cooking ? " 
Then they ask: * What shall wc have to pay for a gas 
cooker?" In some places I believe that tlie gas I 
company will lend, a gas cooker free of charge if the 
consumer agrees to use gas, and when a consumer is 
told that a charge will be made for an electric cooker 
he is not pleased. A certain amount of argument is 
needed before he can be persuaded to see the benefits 
that accrue frdm their use. The housewife is easy to 
deal with, but it is the husband who will "decide on 
the question of cost. Another difficulty is that most 
people are fairly liouse-prSud, and they feel that the 
house will be damaged during the installation of the 
wirqig. It is necessary, of course, to tell them that 
the new. system of wiring need not cause any damage. 

I think that that applies particularly in Yorkshire. 
Again, if'‘people do not own their house they ask the 
undertaker to consult the landlord. The landlord 
refuses to have" the wiring done and a deadlock ensues. 

A good ^gument to use is to point out that, if they 
wire their premises, in two years they will probably 
get their money back, due to the economies to be gained. 
They have extraordinary ideas of the expense, and 
have always been told tliat the cost of wiring is excessive. 
This is due to the fact that tliere is no great propaganda 
in some districts. I think that the best way to get 
people interested is by means of articles in the news¬ 
papers, when small points can be explained. Make a 
few suggestions as to lighting, the places to put lights^ 
and the kind of lights to use. In regard to the question 
of heating, people do not appear to like an electrical 
heater in a sitting room. They realize that it is useful 
in a bedroom or the bathroom, but they like to have - 
a fire which they can poke. I think that the appliances 
wMch sell best are irons and small grills. People 
can generally be persuaded to use a grill, but it is 
tlie oven that is the difficulty. A vacuum cleaner, 
although its usefulness is realized, remains too expensive 
for the majority. « If one could be supplied on the 
hire-purchase system, or if three or four people were 
to club together and hire it out, it would be a good, 
plan.. The. best way to deal .with ttSe actual consumer 
is to try to make an appointment, as he can,then .choosA 


his time. As to shops, they can be er?tered at any time,, 
and if the shopkeeper is told that his neighbour has 
decided to use electricity, he will probably want a siipplv 
immediately. It would be a good plan to install in a show¬ 
room an ammeter cahbrated in pence per hour, so that 
it can be switched on for exhibition purposes. People 
will then see what the appliance will cost them. 

Mr. W. A. Toppin : I am very much in favour of an 
annual electrical heating and cooking exliibition in any 
tovTi of importance. When an industry is developing, 
tlie more the actual manufacturer is brought into con-' 
tact with the actual user the better. Without an exhibi¬ 
tion how is this to be done ? Exhibitions are good 
advertisements and acquaint electrical engineers in a 
town with the latest developments. With regard to 
the curves shown in the paper, I should Kke the author 
to say whetlier electricity was used to the absolute 
exclusion of coal or gas, for if coal fires w^ere used the 
load curves might be higher in the summer time owing 
to the whole of the cooking and heating being done by 
I electricity. If the summer load were higher, ^hen it 
would be a further argument in favour of supply 
authorities encouraging this load. 

Mr. S. E. Hall: Not being directly interested in 
the supply service, I approach this matter from probably 
a somewhat different angle. I think that a great 
deal too much stress is laid on the question of price 
rather than prejudice, because in my experience the 
lady in the home is essentially a conservative being, 
especially in house matters. I take it that the curves 
in the paper are in coimection with houses where there 
was only electricity available for cooking. I raise 
that point because I am wondering if the Radies in the 
hoyses had the opportunity of using gas or a fire as 
an alternative. My experience is that the present- 
day lady who has the latest means available, say elec¬ 
tricity, will often use gas, or if she has gas will still use a 
coal fire. That is prejudice which will have to be over¬ 
come. The author says on page 201 that the ladies will 
"make it their business to persuade their husbands.to 
complete the transaction," but my experience is that 
it is often the husbands who have to persuade the 
ladies. I would suggest that either the companies 
themselves or some syndicate, or some company formed 
by the contractors should install these appliances-Tn 
various houses free of charge for a year's trial, without 
any liabiKty whatever, and of course they wUl have to 
follow them up and see that they are used. Sales are 
not effected very often at the time the canvasser calls. 

It is the housewife who will get these electrical appli¬ 
ances advertised after she has used them and discussed 
them with her neighbours. That is when the sales wall' 
be effected. 

Mr. W. Woodhouse : The difficulties in the 
way of. developing the domestic load appear to be’ 
those which Mr. Eurhess and Mr. Fraser have pointed 
out. Fipt of all, it seems necessary that the supply 
authorities should as far as possible adopt a two-part 
tariff and make a special effortito^get people .to use it.- 
The cost of wiring the houses and the first cost of the 
apparatus are, as far as I can judge, the biggest difficulties 
in ttie way,^ The author has given figures for the villag'e 
of 282.kW installed and,31 kW demand on the^stations 
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consumer A maximum demand for each 

device Tbenefits of domestic electrical 
aonrM-i!./ anyone who has used them must 

ppreciate the tremendous saving in domestic labour, 


and consequently the very great saving in the cost 
of housekeeping, to which they l^d. The paper has 
helped us to appreciate what a veiy' great field there 
IS fgr development. 


The Authors Reply to the Discussions at London, Newcastle;-Liverpool and Leeds. 


oanpr t taken part in the discussions on the 

The valuable help and suggestions given. 

the ^ 'r «“i^ed at 

eirtH 1 Centres proves conclusively the desire of 

question of domestic 
rerei'j^ T® ^ heretofore 

of speakers, I 

p opose to reply to their contributions to the discussion 
^er vanous headings, instead of individually, as many 
points have been raised by different speakers, 
replies in this manner it enables a more 
answer to be given as a whole. The subjects 
to ‘“stribiition and the question as 

wrrW domestic load is profitable, created the 

wdest discussion, and as these items are so closely 

hewing ^ propose to reply to them under one 

Tariffs, load curves, distribution and profitable demand.— 
^^''® referred to the question of the two- 
1 variously suggested that the fixed 

c^ge should be assessed upon the rateable value, the 

irereber of rooms, the 
s-^^® mst^ed, and tlie maximum-deanand 
rSlv^o jvould be difficult for me to give a definite 
p y tli^se questions, as they are governed so muchhy 
local conditions. In^ some districts where the a^ 
ot supply is under one rating committee, it may be 
''^^® reteable value system, but 
properties of similar size are 
different values, owing: to the districts 
aepr^iafang or appreciating, it will be difficult to 
substantiate a difference in the fixed charge where the 
lighting instaUations are similar. This may to a certain 
^tent.be overcome by a careful system of grading, 
but It IS well known that this difficulty exists in many 
o^s. To. apply this system when the undertaking 
pov^ a large area—^hoth . town and coun^—^would 
compHcations in grading. In stable 
oistoc^s, howevar. this system has much tp . commend it 
^ It. IS-.a simple basis. Similar remarks apply to. the 
rental system. „ , ■ . 

. fioor area and number of rooms is also. 

m e or stable. Great care is. however, necessary- 
to adjust the amount of ^oor area to be assessed^ as it; 
IS open to considerable compromise imless spnie. definite 
amoimt. or the number of watts per 100 sq. 'ft. is 
abhdied. One consum^’s view in regard to adequate 
illununation will differ from another’s." This , may 
to a certain extent be eliminated by omitting landings 
lavaton^, ,passages.cetp.. and I believe that fliis is 
practised in some districts. 

To.^ess a fixed charge upon the number of rooms 
•equir«. a good deal of careful consideration, owmg*to: 
e, wide, variation in thdr sizes... In the better-class 


districts it will be quite usual to find the large reception 
rooms with as many as 10 to 20 lamps instaUed, yet in 
the same house other rooms may have but one lamp, 
toerefore the necessity arises of grading the rooms. 
Either of these methods demands a careful survey of 
the house before the fixed charge is determined, and 
such surveys are likely to become costly to the under¬ 
taking. Once secured, however, they are permanent 
as long as the property remains the same. 

By basing the fixed charge upon the lighting kw 
installed a nearer approach to the ideal, fi-om a technical 
Mpect, is secured. If a certain margin is allowed when ■ 
deadmg the amount per kW needed to cover capital 
and other charges, -the changing of one or -two lamps 
of a higher capacity will not be a serious item,. as the 
total will be affected to only a very small extent. It 
must not be overlooked that the available statistics 
show that 99 per cent of the British public are honest, 
and the risk of a consumer cliangirig the majority of his 
l^ps after assessment is very small indeed. To check 
the consumer’s installation is no doubt Qesirable; this 
c^, however, be quite conveniently and cheaply effected 
when the meters are periodically changed for recalibration.. 

The maximum-demand sysfem is perhaps the soundest 
• method from, the undertaking's point of view, as it 
automatically regulates the consumer's fixed chqjrge 
according to his demand. Its greatest difficulty lies, 
in tlie task of explaining it in a simple manner to thel 
consumer; also, the cost of a demand indicator is an. 
additional item. 

. The system of charging upon "the l^pholder basis 
deserves consideration, as it has the advantage ’of 
charging a consumer upon his individual taste or require- 
mente. In ’ establishing this system it l^should .be .a^ 
condition that electricity is used exclusively for lighting 
purposes, and a figure that will permit the assessment 
being based upon a percentage only of the total number* 
of lampholders installed should be determined. For 
example, if it is found on investigation that the figure 
necessary to cover capital and other charges is 6s. 9d. 
p,6r annum per lampholder installed, it is a wise policy 
to quote 9s. per lampholder per annum upon 76 per. 
cent only of. the total number, of .lampholders, installed. 
Tliis is a good selling point and overcomes the objection 
of a consumer who is unwilling to pay the same for his', 
lampholder in a cupboard, which is used perhaps a few 
hours a year, as for his lamp in the rooms in constant 
use. This .method is in operation in Newcastle, and 
Leicester and a similar scheme is adopted in Hackney,.* 
but here the fixed , charge is based upon a CO-watt lamp. 
This is a satisfactory system, its principle being to: 
cover the consumer's normal lighting costs by the fixed: 
charge, so that when a low unit charge’^is added’his) 
lighting accoimt is approximately the same aS" und-^r 
,the flat rate, v 
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The fixed charge also ensures that the undertaking’s 
capital costs are safeguarded, irrespective of whether 
energy is used throughout the year or not—a sound 
business policy. From a technical aspect it is im¬ 
material how the fixed charge is assessed, so long 
as it bears some definite relation to the undertaking's 
standing charges necessary to cover a lighting supply • 

‘ this, of course, is a fundamental fact. 

The system of charging suggested by Mr. Robinson 
and Mr. Berry is sound in principle, its object being to 
‘induce the consumer to increase his consumption per 
kW demand by transferring his load to various operations 
and so produce a liigh load factor. A similar system 
to this is, I believe, in operation in Norway, witli 
satisfactory results. 

Certain speakers have expressed the need of a 100 
per cent load factor at the consumer's premises to 
justify a low rate. I am of the opinion that if every 
domestic consumer offered such" a demand it would 
not be a satisfactory condition for the station, as such 
dem^d would appear upon the industrial and the 
lighting peaks and w^ould to a certain degree defeat 
its object. If really low rates are necessary, they can 
be effected by engouraging tlie consumer to use energy 
during off-peak hours, e.g, during the night, for water 
heating, etc, A fixed sum per kW per annum can be 
quoted, a time switch being arranged to operate at 
determined times to cut out or in as decided. Such a 
scheme would'* tend to improve the genei*al load factor 
of tlae station, which is of course desirable. 

^ The figure quoted of 300 units per kW of lighting 
installed has been critidzed as being high. Before this 
figure was dedded upon, some 5 000 domestic consumers' 
ac^unts, covering different parts of the country, were 
investigated in order to obtain average results. Such 
investigations were further sqbdivided into three 
sections,'* viz. (1) Good-class houses; (2) medium- 
class houses; and (3),artisans' dwellings---usingmainly 
slot meters ^and tire average annual consuqiption 
per kW of lighting installed was found to be, under 
the various headings:* (1) 348 units; (2) 309 units'; 
and (3) 248 «nits. With such returns the estimated 
consumption of 300 units per kW of lighting installed 
IS justified. It must be realized tliat this figure is 
submitted as a guide to the average return expected, and 
naturally does not make special provision for frealc " 
i^tallations. I agree with ,Mr. Robinson that an 
ideal tariff is reached by the slow process of evolution, 
and until we reach tliat ideal we must work upon soimcL 
business averages. 

lire curves in connection with the Billingham village no 
doubt owing to the fact that these are the first set mkde 
'public, have created considerable interest, and prove in 
no uncertain degree that the domestic cooldng and 
heatog load does not present quite so many plant and 
cable difficulties as most engineers considered. Naturally 
fhe low rate offered encourages a wider use of electricity 
^d, as the Billingham load .curves indicate, a long- 
hour use is made„ but it must be realized that these 
tenants do not enjoy a very low rate, and that upon the 
whole they arh careful people and do not unnecessarily 
waste the energy. ^ 

' In comparing the returns with those of two other 
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housing estates it is of interest to r^ate that the load- 
curve characteristic is similar. In one instance where 
approximately 960 kW of cooking, heating, wash 
boilers and lighting is installed, the maximum demand 
was 8 per cent, and the average maximum demand 
I 6 per cent of the total connected load of the village. 

I In the other instance where 1 980 kW of cooking, irons 
I and lighting is installed upon the whole estate, the 
j maximum demand, which also occurs pn Sunday, is 
I 100 kW, i.e. approximately 5 per cent. It will be noted 
; that m the cases of Billingham and the 060-kW estate, 
j where each house has a mixed " load, i.e. cooking, 

I heating, wash boiler and lighting, the percentage 
I maximum demand—10 per cent and 8 per cent, 

■ lespectively ^is higher than that of the tliird estate, 

I which is only 5 per cent. In the latter case no heating 
j or wash boilers are installed, but it is found upon 
investigation tliat although the percentage of demand 
I varies, the return per kW of maximum dernand on the 
station plant is practically identical, i.e. approximately 
3 000 units per annum per kW of maximum demand. 
Tins must be regarded as a satisfactory figure and one 
which justifies a comparatively low rate, and it should 
encourage authorities to seek the load. 

Several speakers have asked how the Billingham 
curves compare witli those of better-class residential 
districts. Unfortunately, at the moment I am unable 
to submit a curve of tliis nature, but I hope to do so 
later. The curves given in my previous paper * represent 
the return of 13 houses, cooking only, the rateable value 
of the houses varying from £25 to £60 (pre-war values). 

In reply to Mr. Woodhouse, the individual consumer's 
maximum demand at Billingham varies somewhat, 
and I have no definite records of all the houses. I 
understand, however, tliat it is fj-om 3 to 5 kW. 

The question has been raised as to the effect of a general 
cooking and heating load in a residential district upon 
a network originally laid for lighting. It is difficult 
to answer this question accurately, as so much depends 
•Upon local conditions. If the cables were laid without 
much thought for the future it will probably be found 
necessary to reinforce the network, or it may be' possible, 
as I have found in certain cases (and these can only 
be decided upon on the spot), to connect quite an 
appreciable cooldng load to a lighting network, owing 
to the fact of the load being an**off-peak load'of , high 
diversity. In the case of outlying districts on a d,c. 
supply, it -will probably be’ found necessary to make 
some provision for increasing the cable capacity. 

The automatic substation mentioned by Mr. Dickinson 
is^ a bold experiment, and one which will be watched 
•*wdth interest. The class of .‘district will determine, 
to a larp extent, whether the expense of such a:sub- 
etation is justified. As many speakers have remarked, 
however, and as the curves prove,’ the domestic load 
ia a profitable One, can ibe^developed to almost ^ any 
proportion, and justifies certain expenditure. 

• With, such undertakings as Mr.’Rye mentions quite 
a considerable revenue can be ^ secured by <the use of 
small appliances. These do not affect the cables .but, 
as ]^. Rye points out, they improve the financial results. 
y^Rire of appliances .—^Reference has been made to 
♦ Journdfi 1914 yol. 53; p. 42. ^ 
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the possibility of'kssisting consumers to use electrical 
energy by establishing a hiring policy. If any real 
business is to be done^ it is necessary to offer certain 
apphances upon hire. Places such as Glasgow, 
Newcastle, Marylebone, Hackney, etc., have proved that 
the liiring of cookers, for instance, is quite satisfactory. 
All undertakings now have the power to hire apparatus 
and it rests entirely with them as to whether they 
exercise that jight. With cooking circuits there does 
not appear to be any reason why the wiring should not 
be hired also. This can be run in C.T.S. or similar 
.cable, and is easily removed if necessary. Generally 
speaking, if ^d, per unit is added, cookers complete 
.%vith the wiring can be hired without the necessity of 
,a separate hire charge. It is usual, however, for the 
consumer to pay the cost of wiring and, so long as he 
is willing to do so, the question of hired cooker wiring 
does not ajise, except in cases of small property 
which is supplied tlirough a slot meter, so that all 
charges can be consolidated; as in Hackney, Woolwich, 
Leicester, etc. 

I would repeat tliat the supplying of appliances on 
hire increases the sale of energy. Further, such a 
transaction with a consumer enables the undertaking 
to keep in close touch with tlie installation and this 
constitutes one of the links of service to the consumer. 

Co-operation in the industry .—^This subject has been 
raised by many speakers and is of vital importance to 
the progress of the industry. There are many points 
of view and I could not effectively deal with them here. 
Generally spealdng, there is a desire for concerted 
action, and in many centres there are good results, 
.due to a cJear, mutual understanding. I am of the 
opinion that if all parties were to realize thoroughly 
the fact that the great buying public is, after all,, the 
deciding factor, much good will accrue. The great 
game of business building is most fascinating and by 
a^eeing upon a definite plan of progress the advantages 
will be mutual. Each party will, no doubt, secure a 
greater return by co-operation than by individual action. 

Commercial activity .—Reference has been made to 
the extent of an undertaking's activities in regard to 
propaganda work, i.e. as to whether it should embark 
upon an extensive scale or proceed in steps. When some 
n|w decision is arrived at, such as a reduction in the 
tariff or the establislffnent of a lining policy, I fhin , k 
that such notice should be given a wide publicity either 
through the local Press or by letter to the consumer. 
The backs of the account form should, however, certainly 
be used to convey a suitable message. By making a 
publib announcement the attention of non-consumers 
is* secured and, further, the estabhshment of a show¬ 
room with properly conducted demonstrations will 
not only attract new consumers but interest the old to 
make wider use of electricity. . 

I believe in the principle of spending small sums ai>d 
often when dealing with one town, and not attempting 
to intoest too many, people at once, otherwise proper 
attention may not bte given to inquiries. As Mr. Berry 
said, it is one thing* to have a commodity available, 
but the mbstimportant thing is.to present your proposi¬ 
tion to the consumer in theright way, and in this resfiect 
the representative must be a qualified person, suitably 


trained in salesmansliip, Mir. Muncaster was correct 
in saying that such work must not be done by an odd 
man who may have a certain amount of spare time. 
Electrical undertakings have a valuable commodity 
to sell and its disposal should be in the hands of good 
and well-paid men; it is the cheapest way to get the 
desired result. 

It has been stated that by offering units at a low rate 
it is not necessary to advertise, as the cheap units will 
'' sell themselves." I cannot agree with this view: 
it is essential that consumers and prospective consumers 
must be shown what electricity can do for them, and if 
the various applications are not brought to their notice, 
how can one expect them to use electricity ? It may be 
true tlmt they liave some knowledge of the uses of 
electricity, or where the undertaking is situated, but 
unless the desire to use " has been established in 
their minds very little progress will be made. The old 
saying "Good wine’‘needs no bush " is no slogan for 
the present-day business man. 

Miscellaneous, —Mr. Thorrowgood has remarked upon 
Mr. Berry’s figure of £72 per annum for electricity. Mr. 
Berry did not intend to convey the idea that this was 
the figure for the usual house, but quoted it only as an 
illustration; there are, of course, many households 
in wliich much more than this is spent on lighting, 
cooking and heating, but upon an average 3000 units 
is consumed per annum for aU purposes in the average 
middle-class house of six perwons. Using, perhaps, 
one coal fire, the cost may be anything from £16 to £26 
a year. When it is realized that many workmen in 
I humble circumstances are''using electricity for all 
' purposes through a slot meter at a cost of from £8 .to 
£12 per annum, it will be appreciated tliat electrici^ is 
not a luxury but a necessity. 

I agree with Mr. Baker that the key to progress is 
economy, but surely electricity offers this. His comr 
panson of the heat units in the coal heap at the electricity 
works, with ^ose in the coal in ^e householder’s range 
is but one side of the question. In a secent report on 
Solid Fuel Ranges " by Professor Barker—a series .of 
careful tests earned out for the Govemmeiwt—it is shown 
that the.kitchen range of good design usefully employs 
2 per cent only of the total heat units delivered to it! 

It has also been proved that between 70 and 80 per cent 
of the coal used in a house is consumed in the kitchen 
range. Now, from an average of some thousands of 
instances, a middle-class household of six persons using 
^electricity exclusively for cooking, the consumption ' 
works out at 40 units per week. The rates of supply 
differ in many districts, and when making recommenda¬ 
tion to a householder one must be governed by local 
conditions. It is not suggested that where the rates 
are 2d. per unit and upwards it is cheaper in comparison 
with coal at, say, 46s, per ton, but where a supply is 
offered at about Id, per unit—which is now the case in 
many districts—one can safely advise the use of electricity 
for cooking and heating. 

Mr. Baker’s communicated remarks to a large degree 
modify his first criticism. The whole object of the 
paper was to attempt to indicate in a smalll measure the 
field open to the supply authority and to point^out how 
the domestic load could be dealt with. His three,points 
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are being seriously handled by undertakings generally, 
especially the hrst two. The hiring proposition is 
again being considered, and each week sees an additional 
authorit}^ agreeing to hire appliances. 

Mr. Cross requires an explanation of tlie figure of 
300 units per annum per kW installed for cooking, 
in comparison with the consumption of 1 unit per person 
per day. In the first case the figure is quoted to the 
engineer designing tariffs as an estimated figure to 
expect where a cooker is installed and in normal use. 
It is perhaps a little low, but it is on the safe side from 
his point of view. In the second case it is the figure often 
quoted to the consumer as his approximate cost for 
cooking when all meals are provided electrically and 
the appliances are Suitable in size to'diis needs. 

The question of converting a kitchen range boiler 
to electricity is dealt with by heating the water at the 
cylinder or hot-water storage tank. I believe that there 
are sever^ of these in use in Newcastle, and no doubt 
the electee supply company would gladly give Mr. Cross 
details if he inquired." Almost every maker of cooking 
and heating appliances will provide a list illustrating 
these devices. 

^Ir. Muncaster asks if the quarterly account is a 
suitable time for Introdudiig new avenues of use. I 
certainly see no reason why this should not be the 
case; the backs of tlie account forms often carry an 
advertisement suggesting the further use of electricity. 
The mere fact,,that the consumer will be forwarding his 
cheque suggests that he might inquire for something 
wliich he saw in the leaflet. 

One undertaking which enforced a minimum pa 3 nnent 
for fighting had difficulty in satisf 5 dng consumers as 
to the reason of such minimum payment. It decided 
to 'Send suitable leaflets with tlie accounts, showing how 
kettles, toasters, etc., could be used from tlie lamp¬ 
holders. The result was excellent, and they now have 
but few consumers who use so little energy tliat the 
minimum payment is** enforced. 

Mr. Carter's case is one of the very few where the 
consumption for lighting is much below normal, i.e. if 
liis load is l^kW. If his total fuel and fighting bill is 
£20 per annum and he is careful in the use of coal, 

I am of the opinion that his account would be quite 
acceptable to him ; he is living in a district where 


electricity is cheap and appliances ^can be liired at 
moderate rentals, and I suggest that he, being an 
electrical engineer, might try electricity for other purposes 
tlian fighting. The cost of tlie specific operations which 
he mentions will be gladly given by the supply company. 
It was not the intention of the paper to give such details 
but to interest the electrical undertakings in the hope 
that they would do so. 

Mr. Dickinson asks for an explanation of the apparent 
discrepancy between the figure given on page 197 of 
3 240 units per kW and the figures on page 200 of 290 0.00 
units per annum. The first set of figures relates to. the 
result of a study of 13 consumers using cookers in private 
houses; the figure of 3 240 units represents the con¬ 
sumption per annum per kW of demand that falls upon 
the system peak, whereas the figures on page 200 
refer to the consumption for cooking at four restaurant 
and canteen kitcliens, i.e. commercial use, an entirely 
different proposition. These cases were quoted tp 
indicate that both the domestic and commercial cooking 
load are worth cultivating. 

Mr. Waygood has evidently misunderstood tfle refer¬ 
ence to the suggested rentals. The paper is oftered to 
electric supply authorities with certain suggestions and 
the statement of 20 percent per annum upon the mi cost 
as a suggested rental of cookers is quite a different matter 
from the 20 per cent of Mr. Waygood's list price. One 
is the wholesale price which the authority would pay, and 
the other is the price which the consumer would pay if he 
bought at a retail shop. The £22 cooker referred to 
is hired by many authorities at 10s. per quarter, inclusive 
of all maintenance, and in some districts as low as 
6s. per quarter. My figures were quoted as a sound 
basis to cover interest, capital redeiiption ‘and 
maintenance. He also refers to tlie consumer being 
misled as to the cost of units; here also is a misunder¬ 
standing. The paper distinctly says that he is' to pay 
a fixed charge plus l^d. per unit, and on tliis basis liis 
normal lighting account will be practically equivalent. 
It is the extra units that are costing him Ijd, only, 
and l|d. is not the average cost per unit. The various 
other matters which Mr, AVaygood mentions are 
interesting, but I do not agree with all his conclusions, 
and as they do not come within the scope of the paper 
I must ask to be excused from dealing with them, 
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Summary. 

The paper is primarily a plea for the use of single-phase 
qables. The effect of separating the cores is considered, 
both in its relation to easing the potential gradient and in 
relation to eddy currents induced in the lead sheathing. 

, The gain effected by employing “ intersheaths ** is pointed 
out, and the author^s proposals for obviating the disadvan¬ 
tages of intersheaths by combining their employment with 
^ s^-phase tfansmission are considered. 

An actual transmission of 50 000 kW at 100 000 volts 
over a dist^ce of 30 miles is worked out in detail and 
compared with a similar transmission at 30 000 volts. A 
saving of roughly £600 000 is shown. 

The principal conclusions arrived at axe:_ 

(1) ReliabiHty under the six-phase/three-phase system 

very greatly increased, as compared vrith plain 
single-core cables (as at Gennevilliers), or with 
three-phase cables for equal voltage. 

(2) The author’s arrangements will permit of loads of 

poor power factor being taken up, with positive gain 
in efficiency and regulation. 

(3) The maximum voltage gradient being no greater with 

100 000 volts than with 30 000 volts, such trans¬ 
missions can be undertaken immediately the cable 
makers are in a position to guarantee the cables. 

(4) The investment in capital outlay proceeds, in the 

six-phase/three-phase scheme, in proportion to the 
development of the load. A start could thus be 
made with only 8 000 kW. 

The reduction in line-charging current in the six- 
phase/three-phase scheme, and the improvement in 
•'regulation” are very considerable, as compared 
with those for any other proposals. 
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I; Introduction. 

The efficient and cheap transmission of power elec¬ 
trically over long distances is at present-one of the 
most vitel probjsms connected with the disttibution 
of electricity. The object of the present paper is to 
cimsider how this may be carried out in those cases 
where the use of overhead wires at high voltages 
(e g. 100 000 to 160 000 volts) is, not considered to be 
adwsable. Doubtless there will be large areas over 
which the employment of overhead transmission will 
TO permissible, but, on the other hand, the use of 
dupheate hnes of taU towers at comparatively frequent 
intervals, with spans of heavy cable liable to be brought 
down during severe snowstorms or ‘other atmospheric 
drstrurbances (or hable to malicious interference), could 
hardly be faced in the vicinity of large towns. There 
ts, moreover, always the possibility that, if underground 
cables could be employed at voltages of the same order 
as that of overhead lines, it might .be possible to 
^tain wayleaves over great distances along the existing 
trunk lines of railways, and in such a case the cost 
of transm^on might be reduced to a figine as low even 
as that with, overhead lines. 

n. Limitations to the Use of Three-core Cables. 

The limitations to the use of three-core non-concentric 
cables are well known, but it may Jbe stated that directly 

pressure is raised to 100 000 volte it b^ecomes almost 
impossible to get the depth of insulation which is 
ne'eded, both be^een core and core and between core 
and earth, within the overall limiting diSmeter of the 
lead envelope, which should not appreciably exceed 
4 inches. 

The recogmtion of the difficulties thus obtaining in 
three-core cables has caused many minds to turn to the 
possibilities of using three single-core cables for three- 
phase transmission, and such a scheme was proposed 
<by Mr. C. J. Beaver in a paper* read before the Insti¬ 
tution in 1914, and has more recently been, very fujly 
worked out in a preliminary way by Messrs.* Clark and 
Shanklin of America and presented in the form of a paper 
before the American Institute of Electrical Engineers.! 

From the data given by Clark and Shanklin it is 
easy to deduce that, wi*fch a pressure of 100 000 volte 
and a frequency of 60 periods, and with unarmoured 
cables, the lead sheathing being con*tinuously earthed 
and the cables being not further than 6 inches apart 
from one another, the loss due to eddy currents in the 
lead, in a cable of the dimensions shown in Fig. 1, will 
* Journal lpl6, vol. 63, p. 67. 

t o/ tJie American InstUute of Electrical Enginess. 

)19, vol. 36, pt. 1, p. 917. s ^ 
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not exceed 10 per cent of the /2J2 loss in the copper 
alone. 

With a 6 per cent copper loss the total toss with 
. unarmoured cables would therefore be increased only 
tom 6 per cent to 6-6 per cent of the total power, 
i.e. an addition, of 0 • 6 per cent. 

^It may therefore be taken that, provided single¬ 
core cables can be constructed to withstand a pressure 
of 57 700 volts to earth, both in the cable itself and at 
the joints, it is allowable thus to separate the phases. 
The maximum potential gradient in the cable itself 
can be kept down to that now obtaining in three-core 
non-conceiitric cables (about 40 000 V/cm) by simply 
constructing the copper core with a hempen centre ; 
•but the difficulty of jointing is rather^ more serious. 

The author has developed a system on the separated- 
phase principle which permits of the pressure between 
the outermost core and earth being reduced to some 
18 000 volts while still obtaining 100 000 volts for 
transmission, coupled with certain other advantages of 
moment, and it has Been thought that a description 
of this system would be of interest at the present time. 
In what follows it is to be understood that the amount 


Henapenfilling 


^ -5-0 cm— 

^ - 

♦2-Ocm>| 1 



1 layer (only)^ wires « s.wio. 

Eddiwire o*o0"diam. 0*185 sq.in. 

Fig. l.-T-Insulation to withstand 57 700 volts to earth. 


of power to be transmitted is 50 000 kW,. the load 
factor 40 per cent, and the distance 30 miles. 

It is practicable to keep the plain copper, voltage- 
drop (i.e. excluding the lead-sheath loss) overaseparated- 
phase 100 000-volt single-core, system down to 2i- per^ 
cent of the total power, or 2*75 per cent including 
lead-sheath loss. On a 30-mile line the lead-sheath 
loss is thus, at 60 periods, only 0*25 per cent of the 
total power transmitted. 

In Appendix B the author has given certain data 
with regard to the cable constants of a system 
employing plain single-core unarmoured cables such as 
shown in Pig. 1 (e.g. capacitance, inductance, resistance, 
etc,). It may betaken that the figures therein given 
for the copper voltage-drop, reactance-drop, etc,, are 
not far wrong for the six-phase/three-phase system' to 
be described. 

• Similarly, the induced cuitent losses in the lead 


sheathing will also be of the same order^ in fact rather 
less. 

It therefore becomes practicable to consider armoured 
cables, as these might be desirable on long lines laid 
along railways. By increasing the amount of copper 
by 10 per cent, the iron-wire loss can probably be com¬ 
pensated for by the reduced copper voltage-drop, and 
may then be neglected altogether. 

In Fig. 2, sections of the various cables experimented 
on by Clark and Shanklin are given, and also their 
'' Cable C'' and, in addition, the cable (marked 

No. 11 **) shown in Fig. 1 of the present paper. The 
former cable is that on the tests of which the estimated 
lead-sheath losses herein taken are based. 

The sheath diameter of the author^s six-phase/three- 
phase cable is virtually the same as that of the cable 
shown in Fig. 1. Hence the results for the cable 
(Cable C) of Fig 2 apply also substantially to the author^s 




Fig. 2.—Cables experimented on by Clark and Shanklin. 
Cftble 4: Percentage increase in effective resistance 

^ 25 ~ and 00 at 60 ; area « 0*79 sq. in. 

Cable 2: Percentage increase in effective resistance 
o VI ^ c«o- and 48 at 60 ; area « 0*49 sq. in. 

Cable C: Percentage increase in effective resistance 

,2522 at 60 cs»; area = 0-216 sq. in. 

9iblc 11: Area « 0*185 sq. in. 

Cable 12: Cable proposed by the author. 


system, the location of the average current with regard 
to the lead sheathing being virtually the same. 

m. The Grading of Cables, and Potential 
Gradients. 

As the author's system depends for its proper ^pre- 
ciation upon the estabhshing of certain principles, 
these vnll first, be investigated, and afterwards tne 
system itself will be described. 

In Fig. 3 is given a curve ABCD representing the 
potential gradients of a cable having a core of radius 
0^*65 cm. The voltage gradients are plotted as - 
ordinates, and the different radii of circular concentric 
sections of the insulation are plotted as abscissae. The 
interior radius of the lead shfeatSi is assuJhed to be 
22 cm, and the pressure between Hie core and the lead 
sheath is 69 200 volts. The figures given at various 
points along the curve represent the voltage gradients 
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at those points, ^he insulation is assumed to be applied 
in concentric layers, all of material of equal permittivity. 
Four such circular sections are shown immediately 
contiguous to the coref and one section at the extreme 
circumference. The values 8 750, 7 720, 5 700, 4 030; 
etc., marked between the dimension lines at the foot 
of the diagram represent the integration of the areas 
cont^ned in the different portions of the potential 
gradient curve, and therefore represent potential 


the following values are found : 

0-000124 X 10-61 

0-0001315 X 10-6 

0-000185 X 10—6 > farad per foot, 

0-000238 X 10-6 

0-001175 X 10-6, 

last figure being for the centimetre depth imm^ 
diately below the lead sheath. In a similar 



^erences up to the radius of 2J cm. To be complete 
diagram should of course show the whole 44 of 
ttBse czrcular sections, but for the sake of simplicity 
ae remainder axe omitted. Each of the equipotentM 
boundary lines separating these circles may be con- 

® metallic sheath of extreme thinness, 
merely for the purpose of fixing ideas. 

If, now, the capacity per foot between any one inter¬ 
sheath and any other intersheath be worked out by 
means of the formula- ^ 

log. (6/a) 

where Te{av ) = permittivity relatiye to air = 3 *2 ; 

Ca capacity,per cubic centimetre of £dr 

7 t' ‘ ^ =0-08842 X 10-12 farad; 

I = length m cm =. 30 ‘S ; 

6 = putCT radius, of insulation in cm; 

a = inner radius of insulation in cm; 


the currents for these successive sections are calculated 
from the formula 

2ir/ce 
sin 6i 

where / = frequency, 

0 = capacity per foot length, 

® = voltage between core and intersheath, 

““ phase angle of dielectric power factor, 

giving the following values 


0-341 X 10-8 
0-319 X 10-S 
0-331 X 10-8 
0-302 X 10-8 
0-321 X 10-8 


^ampere per foot of conductor. 


It will be noted that the current per fo.ot is constant 
(within the limits of rough approximationji, which 
means that the capacity current is of the same value 
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in the widely-varying concentric slices of insulation 
and that the voltajge differences across each successive 
layer vary inversely'' as the capacity of. each layer. 
Examining the matter further and assuming that the 
power factor of the dielectric keeps constant throughout 
the successive layers (which of course is not the case 
owing to the differing temperatures, but this only 
makes the author's argument all the stronger), we get 
the values of the watts lost in each successive layer 
from the formula 

wa = cos dd 


which gives us the values shown on Fig. 3, namely 


0-045*' 

0-037 

0-028 

.0^018 

0-004, 


^ watt per foot. 


If tlie last-mentioned reading had been taken over a 
J cm difference of radius, instead of 1 cm in conformity 
with the other readings, it would have had the value 
of only 0-002 watt, which is less than l/20th of the 
value obtaining on the slice of insulation immediately 
next to the core. Now the volume of the slice 
immediately contiguous to the core is of the order of 
l/40th (per unit length of cable) of that at the extreme 
circumference, and the amount of heat developed is 
over 20 times\ consequently the heat developed per 
cubic centimetre is of the order of 800 times that 
generated in the section at the extreme circumference. 

In a similar manner it 'can be shown tliat the watt 
loss due to the purely ohroic insulation resistances of 
the^ different sections, and to the true leakage current 
which passes through them, follows a precisely similar 
law and is, again, 800 times the heat developed per 
cubic centimetre. This will be seen at once by a 
comparison of the formulae for the elastance and the 
true resistance; to which also may be added the thermal 
resistance. The tliree formulae are of the following 
relation, viz. 

Rff = (Insulation resistance) = log*- 

S = (Elastance) = gj^P^cific) ^ 6 

ZTTl a 

R =5 (Thermal resistance) = ^ log*'^ 


A little consideration will show that in the case of th^. 
first two formulae the voltage differences follow the 
above-mentioned law and that the temperature differ¬ 
ences will also follow an identical law. 

The true conductance losses have also been worked 
Out from the first of the above three formulae, and the 
initial and the final values shown in Fig. 3 axe 0-022 
watt and 0-002 watt. In the particular case con¬ 
sidered, therefore, the leakage conductance loss is very 
nearly equal to the dielectric hysteresis loss, the former 
being based upon a value for the specific resistivity 
of 150 X 10^0; which is a value found fairly frequently 
for the* lower temperatures in Messrs. Clark and 
Shanklia's experiments, and the latter, being based 


upon a constant dielectric power factor of 0-015, which 
also obtains only at the lower temperature values 
(up to 72® F.). The author is g^uite satisfied that the 
power factor, representing partly as it does the energy 
lost by dielectric hysteresis, plus the true leakage loss, 
must be much greater in the inner layers of insulation, 
which are at a much greater temperature than the 
outer layers ,- and, as already mentioned, this would 
still further strengthen his argument. 

Conversely, from the third equation we can see that 
the , greater amount of heat liberated in the sections 
close to the core has enormously greater difficulty in 
reaching the circumference of the cable. It therefore 
follows that any method that tends to relieve the 
potential gradients in the sections next to the core, 
even, if this occur at the expense of the sections nearer 
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Fig. 4.—^Multiple (cylindrical) core cable; potential gradients 
at the surfaces of the different cores. 


to the circumference, is a very potent factor indeed 
in easing the situation. In Fig. 4 the author has 
shown the remarkable effect upon the diameter of the 
cable of introducing metallic intersheaths and forcing 
these to work at such potential differences between 
each consecutive pair that the maximum voltage gradient 
is maintained more or less constant throughout. The 
result of this is that the whole of the 69 200 volts" is 
absorbed within a radius of 4j cm, though it should 
be mentionSd that the diameter of the core itself, in 
this particular case, has been somewhat increased 
(owing to inadvertence), and this unduly magnifies the ^ 
result. 

A further consideration of Fig. 3 and of tlie figures 
given in Appendix C will shbw^that sucli a result 
can be obtained only at the e:^ense of haying con¬ 
tinually increasing capacity currents in successive 
layers as. we work outwards, the current being no longer 
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constant from the centre to the circumference, and 
practical arrangements for dealing with this have now 
to be considered. ^ 

Intersheaths. 

Fig. 6 may help to fix ideas. This may be considered 
to be an investigation of what takes place in a single 
phase of a three-phase system embod 3 dng one single¬ 
core cable per phase, each such cable having " inter- 
sheatlis in accordance with Mr. Beaver^s proposals. 

The condition considered is. that the half-wave of 
E.M.F. in the secondary is in a downward direction 
through the secondary winding, sucking'' the prin¬ 
cipal or “ load current of the central core of the 
cable and carrying it through to the neutral point of 
the transformer winding. The various components 
of the capacity current are shown coming along 
from the line and finding their way to the central 
core, as ilhastrated by the three large arrows 120' 
apart. 

Consider, for instance, the current (f) which arrives 
through the outermost conducting sheath. Finding 
a path leading to the tapping of the transformer, the 
“ surplus '' current of the outermost section of the 


Capacity current 


Lead sheath 


Step'up 

transformer 


it 



to illustrate the relief of the inner 

going through the successive 
msulahon to the central core and heating 

j"®* described, no! 
torm«. The surplus element of the current fe) which 

sheath to the intermediate sheath, simUarly +air»s a 

J°^tXrthf tapping with the 

S Sued lon +r imfermost core 

dn^ capacity current fd) 

due.to Its own capacity. .Referring again to a Ti- 

W we^'cJiui 

work ^t a' insulation next to the core 

and * 1 , ^ volfegfe gradient than 38 000 V/cm 

^ abov. 


outermost layers could be raised considerably higher 
ttan would be indicated by Fig. 4. For one reason 
ttese Uyers being close to the lead sheathing would 
be the coolest in the whole cable and consequently the 
power factor of the dielectric would be the lowest and 
the resistivity by far the highest, since this latter 
vanes enormo usly with the temperatui'e, , 

In all probability the operation of dielectric hys- 
teresis IS very similar to that of magnetic hysteresis 
and the loss (i.e. the power factor where the leakage 
loss is low) is therefore proportional to a function of 
the potential gradient, and the loss by pure leakage 
conductance through the dielectric is proportional to 
the square of the potential gradient, and both of tliese 
(and particularism the latter) depend to a very great 
degree on the temperature obtaining in tlie dielectric. 


Lead sheafl?. . 


Insulation 



-^2'105CTn-H I 
-^i2*30cm- 
3-S7cni- 

*—>j 
^—402 cm—■ 

^-5*12 cm— 

<—S-esrcm radflis— 
-11*34 cm diameter- 

Fig. 6. 


^T^e question of the dielectric losses and potential 
gradients is investigated quantitatively in Appendix C. 

IV. Description of the Operation of the Six- 
phase/Three-phase System. * 

Referring now to the author’s six-phase/three-phase 
S3^tem, which will be briefly described in’connection 
with Figs. 7. 8, 9. 10 and 11, attention is invited to 
a consideration of one—say the top—of the three srnali 
^-phase systems or '* hexagons " shown in Fig. 11 
(which gives the general. scheme) and reproduced Iw 
iteelf m the upfper p4rt of Fig. 7. This consists of a 
bank ^ of ihe secondaries of a s^ep-tip transformer 
coupled in " double star " to give voltages which are 
^ six-pharo relaticin, the v^tor diagram for which is 
^own in the upjfer part of Kg. 8 (right-haifd side). 
This bank of transflfrm^ is. connected to the two 
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cables shown at the top of Fig. 7, these cables being 
•shown more in detail in Fig. 6. 

It wiU be clear that, if the upper " hexagon shown 
at the right-hand, side of Fig. 8 be earthed (as shown) 
at a point having a potential not far different from 



diat of a point midway betweeii the points " e'' and 
instead of at the " natural neutral point of the hexa¬ 
gon, the potentials of the remaining comers of the 
“hexagon*' wifh respect to dearth will be given by 



Fig,. 8.— rArrangement of . combined six-phase and. single- 
" • phase supply (for rwlways). 

vectors connecting these comers with the said earthed 
point; 

These vectors a^e not shown in the right-hand top 
diagram of Fig* 8, but vectors from. the two topmost 
corners to earth are shown in that hgure in the left- 
hand to^ diagram, in hea;vy lines,, aifd .the* positions of 
the:t>ther. vectors can easily be obtained. 'i.. .. 


Both in Figs. 7 and 8 are shown, in the lower half 
of each figure, arrangements the inverse of those in the 
upper half, and to the right of tjie former figure there 
are shown two single-phase transformers (which may 
be called the *' principal" or " major " transformers) 
and these are each connected across the points marked 
+ 60 000 V*’ and “ - 60 000 V." The secondary of 
each of these principal transformers is wound for 120 000 
volts, and its mid-point is earthed. It may help towards 
a more ready understanding if these two “ major “ 
transformers are replaced, as shown vectorially in 
Fig. 8, by a single transformer, connected to the two 
hexagons," at extreme top and bottom, at points 



midway between each top and bottom pair of comers 
of the said “ hexagons." . . 

It is demonstrable that, if neither of the two sii^ 
phase systems be at any point connected to earth, the 
potentials of the lower comers of the upper, “ hexagon,*'* 
aqd of the upper comers of the lower “ hexagori," will 
toke up the values shown more precisely by the vector 
diagram in Fig. 8, receiving their potentials from the 
"major" transformer, through th^connections at the 
extreme top ^d bottom of the tyo " hexagons." In- 
this diagram each chord of the bexagon represents 
30-000. volts, and this is the voltage obtaining betweeii 
tS.e innermost core of each cable and the intermediate 
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core, and between the intermediate and outer cores. 
The voltage between the outer core and the lead sheath¬ 
ing is shown to be only 17 800 volts (if desired, only 
15 000). 

The cable shown in section in Fig. 6 has been so 
designed that the maximum voltage gradient on the 
innermost core under these voltages will not exceed 
about 38 000 V/cm, i.e. the potential gradient at which 
three-phase three-core non-concentric cables work at 
the present day. On the middle and outermost cores 
it will be 29 000 V/cm and 20 000 V/cm, respectively. 

Since the capacitance increases as we work outwards, 
and since it becomes very desirable (in the case of 
failure of the lead sheathing or of the outermost insu¬ 
lation) to have as low a voltage as practicable between 
the outermost conductor and the sheathing—for reasons 
which will appear later—^it will be evident from an 
inspection of Fig. 8 that the arrangement of the six- 
phase ** hexagons ** in the manner shown in Figs. 7 
and 8 affords a very nearly ideal way of distributing the 
potentials. 



" now consider Fig. 10. In tbis case the lower 

hexagon of Fig. 8 is replaced by two " hp-va frr' r . . » 
^d the angle-phase “principal'* transformer for its 

^ three-phase “prindpal ’’ 

Sdch^'r.rthS’''"”" o' 

In Fig. 9 are shown various connections of trans- 
Wrs fo^g the “ hexagons.'* or six-phase syste^ 
to be uMd m conjunction with the main thrXnhase 
^tem (or mjor star*'), the transformer wintogs 
tong represented by thick lines. In, Fig. 9 (lUh^f! 


The vector diagram for Fig. 9 (I) is given in detail 
in Fig. 10. The corners aj, a 2 , ag of the hexagons are 
in simirar relation to the three*'main phases of tlie 
"major'' system and may be directly supplied from 
the same, as may also the corners bi, bo, be similarly 
supplied. " ^ 

It will be understood that, just as in the case ,of 
Fig. 7, power is transmitted both by the two six-phase 
systems and by the single-phase (or equivalent) system, 
and reconverted at the receiving end in the form of 
a joint three-phase supply on to the low-tension bus¬ 
bars, so in the case of Figs. 9 and 11 the three six- 
phase systems each transmit power in conjunction with 
the "major star" system, the latter working at from 
100 000 to 150 000 volts, according to whether it is 
decided to risk a maximum potential gradient of 
60 000 V/cm (as is, the author understands, at present 
under contemplation with three-phase cables) or of 
only 40 000 V/cm. 

With regard to the actual capacitances of the various 
cores of the cable shown in Fig. 6, the author has worked 
out the various individual capacities between core and 


core. 


The actual capacity currents required for each 
16-mile section of tlie line are shown diagrammatically 
in Fig. 14. The calculations by which these figures 
are arrived at are shown in Appendix B. 

^.uthor has developed a simple arrangement 
which he thinks would be very valuable on long lines 
m the direction of reducing the drop due to tliis capacity 
current, and this will now be described. 

o 

The Transmission of Charging Current through 
THE Central Core. 

. Referring to Fig. 12, in the top part of "the 
(riagram is shown the way in which the aggiega- 
tion of nil the capacity current components of the 
ImM involves a very heavy capacity current being 
sent along the outer cores from the genterating station, 
this rather deleterious effects on the voltage 
reflation of the sections of tlie step-up transformers 
and of the line. 

In ae lower part of Fig. 12 is show^ how, by the 
estabhshment of one or two substations of comparatively 
small capacity along a long line (from which power 
commercial purposes for traction 
or lighting), it is quite practicable to “ feed in *' at the 
substations the capacity currents for the different 
insulation " rings *' of the cable, and to transmit this 
ewent at the full 100 000 volts, re-transforming it to 
the local volta,ges required. The small hexagons shown 
are of course in connection with only one phase of the 
p^cipal three-phase transmission (see also Fig. 11 
^ ^ represent the principal transmission). 

Jaa that at, for instance, substation No. 1’ 

the 100 000-volt three-phase supply from the inner¬ 
most cores of the six tiiree-phase cables is taken through 
the tluee-phase primary shown, and on each phasQ 
th^e IS generated .in. the secondary winding a 30 000- 
voit c^ent which is fed directly, as shown, on to tiie 
collect chord^ of the hex^on of voltages; A feature 
Of the author s 'arrangement is the foUowing r-a- ' 

A rather greater.amouht of reactance -ihan the 
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is introduced in each primary or secondary winding, 
with the result that, the transformer tends to over¬ 
regulate to capacity currents and to under-regulate 
to load or lagging currents, again with the result that 
the transformer does not tend to pick up any of the 
load current, but does attempt to pick up a certain 
amount of the capacity current. This causes it to 
feed capacity current into the intermediate and outer 
cores of the cables in each direction from the substation, 
at the expense of an additional current in the central 
core. As, however, the central core is working at 
100 000 volts, it is obvious that the capacity current 
—^being only a quadrature current with reference to 
the load current—can be easily allow^ for by a com¬ 
paratively small amount of copper in the core. 

By the arrangement proposed, therefore, we have 


system would operate at 60 000 volts. Later, when 
the load developed, the second or lower six-phase 
system shown in Fig. 7 could be added, in such 
a sense that its instantaneous diametral E.M.F. 
would run upwards (on the diagram) at the same 
time as that of the upper hexagon. Its highest point, 
however, as well as. that of the lowest point of the 
upper hexagon, being at earth potential, it would now 
be practicable to add the single-phase transformer, 
the secondary of which is shown by the thick, black 
vertical line in Fig. 8, and by this means to transmit 
over the same lines a single-phase superposed current 
at 123 000 volts, which could be similarly transformed 
at the distant end and would considerably increase, 
the carrying capacity of the two six-phase systems. 
Lastly, when the load of the system warranted it tlie 


)—p,)— 

Primaries supplying the 
shexasons (S3.s„s,) 



Primaiiy supplying 
the principal 
secondary (S^ 


P« Primary 
Sb» Secondary 



T — T 

Condition after major star Condiilon after hexagon 
has telescoped due to (fi) has been removed from 
being deadened the circuit 

Windings thus 

Connections between 
windings thus 


Fig. 11 .—Connections at the step-up end. 

Sequence of Operations on Reduced Load. 

tripped (Md, if faulty; the hexagon of the faulty circuit is disconnected' 
)i\ « “ neutral point Q of hexagons to earth! uiscouneciea,. 

(31 Hexagon No, 1 is removed. 

(4) Hexagon No. 2 is removed. 

(6) Hexagon No. 3 is left in. 


greatly reduced the amount of capacity current to be 
passed out from the central station through the inter¬ 
mediate and external cores, because we can feed into 
the line at as many points as may be found desirable 
(the maximum length to be fed varies inversely as the 
number of feed points), and therefore the centraL 
sta4:ion has now to supply only the capacity current 
for the said cores for the first quarter-section of line 
(if there is a mid-way substation). 

Adapting Initial Expenditure to Initial 
Capacity. 

Reference may here be made to another feature of,the 
author’s system. Considering Fig. 7, it will be under- 
stoo(i t^t the transmission system represented by the 
upper six-phase hexagon could be started, in the first 
in^ance, by -itself, its bottom point being directly 
eaiidiedf and thus the imtial ‘ c^Cpital expenditure 
would be reduced. Under these circumstances the 


balance of the three-phase network, shown in Figs. 9 (I), 
10 and 11 could be added and the vector relations of tho 
E.M.F.’s could easily be altered so as to conform witli 
Fig. 10, the 123 000-volt single-phase supply being now 
replaced by a 100 000-volt three-phase supply. 

V* Certain Features of the Author’s System. 

In Section (3) the advantages of a six-phase system 
were pointed out from the point of view of the dis¬ 
tribution o:^ the potentials between the various cores 
of the triple-concentric cables, but another. point of 
^dew that must not be lost sight of is as follows 

The employment of a six-phase S3rstem, carried firpm " 
eacih limb of the principal three-phase transformer 
system, fulfils another function of great value in that 
it not only provides a system of.’'subdivided cores in 
which all the cores must be heavy (and hence ince^pable 
of nfusing under heavy .capacity currents), but, in 
Addition, it u^izes all those cores equally for the 
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passap of heavy load currents without seriously 
diminished voltage on each circuit; whereas, if the 
same result had been ^attempted by tlie mere tapping 
of a smgle-phase transformer, as in Fig. 5, the operating 
voltage on one of the circuits would have been seriously 
lowered, and that on the other reduced to such a degree ^ 
as to be virtually altogether ineffective for power trans¬ 
mission. This provides a sufficient excuse for returning 
to the employment of intersheaths.'* ’ 

Greatly increased reliability in operation, whereby 
a di^licate cable line—such as is proposed in Appen- i 
dix B, in connection with the scheme embod 37 ing plain j 
smgle-core cables—is rendered unnecessary, is provided | 
by the arrangements about to be described in the I 
present section. 

Fig. 11 gives an analysis of the arrangements, showing ! 
more particularly the way in which the line is section- I 


I completely breaking down sufficiently to- be incapaci^ 
: tated is^very much more remote than with an ordinary 
i single-core cable.) 

Thus and this would be still more feasible under 
the conditions shown in Fig. 9 (IV)—with a little over¬ 
loading of the -tansformers the whole, power supply 
could be maintained; particularly if the central core 
of each cable were made of double section, which would 
not appreciably raise the cost of the whole cable at 
In connection with the reli- 
abiht}-- in working thus offered, Ifr. Philip Torchio of 
New York has stated that ** the assuring of reliable 
operation is vastly more important than getting the 
maximum rating out of a certain mass of metals.” 

The sectionaliiing of the system incidentally pro- 
^des also a means : (1) of insuring regulation without 
the use of rotary condensers, and (2) of greatly reducing 




ahzed, whether on account of a breakdown or with * 
object Qf preserving, "regulation" and reducing i 
(to^) charging current when the load is reduced. 

An advantage of the proposed scheme is that if. : 
example, the two cables attached to phase A 6 
Kg. 11) were both to fail, w;hen, in the ordinary w 
of operating three-phase systems, no three-phase pov 
could any longer be transmitted,, the irvo rema- 
mg six-phase systems may, in the author's syste: 
^ arranged to continue to -work as though noihi 
^ad ^happened. If, moreover,. .only one cable h 
Med - and not two, then three-phase, power cot; 
sM have-been transmitted over the "major stai 
'rf.niainmg sound cable for t 
K addition to six-phase power over two 6 

,six-phase sysM^^^ (It will be sho^ 
er m the paper that the chance of even one cat 


the chargmg current of the line at-lightdoads. For 

example, ifj on a reducing load, the various sections 
transformers be de-electrified in,the ordef indicated 
in Fig. 11, then each section of the line and .Irans-- 
formers.remaining; in service^is kept,fully loaded;.and 
thus capacity currentrrises are;avoided;. . . , • \ ' 

The total line-charging current (a very important 
matter) and also -the total hysteresis loss are sirpilarly 
reduced, by the fact that progressively less and less 
cable is left in,,circuit. ^ 

The design of rthe cable itself is- particularly' sui-ted 
toavoid breakdown (due to ojjtside influences), 
will be appreciated from Fig. which shows a 
sec-tion of the'cable; ’ ^ ' 1 

. The , function qf. the iptern^. leai^ sheatii . i>e 
understood frona the-following ^nsid^eratijqns :f— 
Cables, as laid nowadays," are fairly immiine ^ from 
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the blow of a pick; but the lead sheath may crack or 

"i^e first intimation of a fault is given by the failure 
of tlie outermost insulation. If this is made to trip 
immediately, in the first place, the oil switch governing 
i^ichever of the transformers Pj (see Fig. 11) feeds 
the faulty six-phase circuit, and simultaneously the 
major teansformer feeding that section (and 
assuming that tlie action has been suflidently rapid 
prevent the copper of the outer conductor being 
burnt through), we have the penultimate lead sheath 
« ^“P*efced and the cable still capable of working 
slightly increased stress—for djiys if necessary, 
until a spare piece of cable can be connected in the 
secondaiy side of the step-up transformer at a time 
o light load. If there were no inner lead sheath below 
^^'i reach tbp insulation, and it 

^wn* Irours before it sigain broke 

down. The three independent six-phase systems permit 


a 30-mile line, or about 0-9 per cent more than with 
a 30 000-volt transmission of equal power (60 000 kW), 
out on a 40 per cent load factor’ this would be halved 
on the former system. 

Regulation. 

The legulation voltage-drop in the 30 000-volt 
line discussed in Appendix A for a 30-mile line is 
o A/i cent; while the total amount of copper is 
2040 tons, representing an outlay of, say, £180 000. 
1 he regulation "drop** in the 100 000-volt 30-mile 
me discussed in Appendix B (plain single-core cables) 

^ cent, while the total amount of copper is 
460 tons, representing an outlay of, say, £41 400. 

system the regulation 
rop is roughly 5 per cent, and the amount of 
representing an outlay of, say, 
£63 000. These quantities would be divid^ed by three 
for a 10-mile line. 

The author thinks it will be conceded that where a 
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of repair work being done without any material inter¬ 
ruption to thC'supply, at times of light loads. 

The cable shown in Fig. 6 has been designed to work 
at about 30 000 volts between the innermost con¬ 
ductor and the intermediate conductor, at an equal 
pressure between the intermediate conductor and the 
outermost conductor, and with about 17 800 volts 
between the outermost conductor and the lead shearii 
Under these conditions the maximum potential gradient 
on Jhe innermost and intermediate .conductors will be 
approximately 39 000 and 29 000 V/cm respectively, 
while that on the outermost conductor will be about 
20 000 V/cm. 

At the joints the potentisd gradient could be kept 
down by swelling the conductors gradually, in the 
manner indicated in Fig. 13. Those parts where the 
potential gradient wm highest would be entirely insulated 
at the makers’ works as shown, leaving a reduced stress 
to be borne by those parts insulated on site. 

Hysteresis Loss. 

The loss due to hysteresis on the 100 000-volt three- 
phase/six-phase sjmtem is only about 1'9 per cent on 
VOL. 61. 


trunk line interlinking two cities is run along the lines 
of railwa.y joining these two cities, and where there is 
any possibility of supplying current from such a trunk 
for the working of the railway system, it is highly 
desirable that the regulation of the line should be so 
good that the throwing on and off of the railway loads 
will not seriously affect the regulation at the substation 
end; ^so that, allowing,for the additional loss in 
regulation ^ter the public supply of current leaves 
the substation, in distribution, it is inadvisable that 
the regulation of the trunk line, including its step-up 
and step-down transformers, should be more than 
12J per cent. By fixing tiie declared voltage at that 
obtained on''half load the variation of voltage is of 
course reduced from l^ per cent to 6J per cent. 

'The author thinks it wiU also be conceded that 
induction regulators, to cover a large range in the 
voltage and operate automatically, are very costly and 
undesirable, particularly if they caj? be dispensed witli. 

It will be noted from Appendix* A that, in the case 
of tte 30 000-volt line considered, the resistance-drop 
IS.of the order of 3*3 per cent, the reactance-drop of 
the order of 1 • 6 per cent, and the capacity-rise of the 

17 
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order of 1 per cent; i.e. a total “ regulation ’’ of 5-9 
per cent on the line alone. If to this we add, say, 
per cent on the stefp-iip transformers (due largely to 
capacity current), and Sj per cent on the step-down 
transformers, we have a total of 13 *9 per cent, or, say, 
14 per cent, which is rather high for satisfactory regu¬ 
lation in view of what has been sta^^ed above. 

It will possibly be objected that "the author has 
done an injustice to the 30 000-volt scheme in adopting 
for this a current density of only 500 amperes per 
square inch, and that* half the number of cables could 
be employed, working at a current density of 1 000 
amperes per square inch. If, however, this were done, 
and regardless of the extra energy loss in the cables 
(which will be dealt with elsewhere), the " regulation ** 
of the cables and transformers would be increased 
fr(m 13-9 per cent to 19*8 per cent, and the author 
submite that the latter regulation is entirely impractic¬ 
able without a very great outlay in induction regulators 
and considerable expense in the maintenance of the 
same. ^ 

On the other hand, by adopting a pressure of 100 000 


Charging Current. 

The enlarging current for 30 niiles on the author^s 
system represents 61 200 kVA leading wattless 
current, but at light loads this would be reduced 
to roughly 20 000 kVA, which is less than would 
obtain with a 30 000-volt system transmitting 
equal power (the figure for which is approximately 
33 500 kVA), and entirely neglects the possible savings 
due to the better distribution of heat, and consequently 
greatly lowered power factor, which was discussed 
earlier in the paper. 

The calculations by which the figure of 61 200 kVA 
is arrived at will be found in Appendix D, in connect^n 
with the capacities on the author's system, and the 
results there obtained are represented diagrammatically 
in Fig. 14. 

Charging Current fed from Reactance of 
Motor Load. 

With suitable precautions to avoid “ current reson¬ 
ance," the author believes that the necessary charging 


Omiles 

I 


CdRhefed,lwever,fio!m substatioiL, 
trius relieving line to that extent 

nSnules apn ules 

.1 , I 22;5 miles p 

3-T6inileS| n^^Smilesj 16-.75iniles! 26-25milesi 



Generating 

Load“5ooool^^So*6 power factor 

„ 3^50oWA(kgging;wattles5)dvailatae 


volts and using single-core cables, the line drop (ex¬ 
clusive of transformers) is reduced to 4| per cent, as 
^TCn in Appendix B, and thus the total regulation 
becomes only 12J per cent, as against 19-8 per ceni 
on the 30 000-volt scheme with 6 cables in paraUel 
As already explained, by suitably fixing the declared 
voltage this variation may be halved, but even 6i pei 
cent is distinctly high, and it may be necessaA to 
eliminate the regulation of the step-up transformera 
by operating at the generating station wTch a constant 
v^tage on the high-tension secondaries, instead of 
attempting to keep the low-tension busbars at a cCn- 
stant pressure. If tlwre are any large loads in the 
^cimty of the station which are supplied from the low- 
tenaon busbars, tfie regulation of this section of the 
s^tpm wU of course be impaired, and the employment 
^regulators on the primary or secondary sides of the 
-t r^ formere may be necessary, or, alternatively,«a 
step-down transformer may be used for the local load. 


currents may be fed into the line at convenient points in 
such a way as to avoid passing any charging current along 
the central cores, thus opening up the possibility of 
removing tlie disability under which a.c. lTansmi.ssiou 
now labours as compared with d.c. transmission. This 
method has not, however, been considered in-tlie 
calculations given in Appendix D. 

Fig. 15 illustrates the resultant distribution of 
capacity currents under these conditions. 

On such a line, loads having a power factor of only 
0'7 would be invited, and a.c. railwp.y electrification 
with single-phase motors at 25 periods might, in some 
cases, be employed if otherwise found desirable. 

VI. Reasons for the Selection op XO Cables on a 
30 000-volt Scheme. 

It will be well here to state the reasons which 
determined the author in selecting what is apparently 
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a very large number of cables in parallel to deal with 
the load under consideration. 

It hM already been explained that, on que'stions of 
regulataon alone, it appeared to be a necessity that 
10 cables should be employed, on the assumption that 
It was undesirable to make the cables of greater sectional 
area tnan 0*25 square inch per core. 

There is, however, the alternative point of view to 
be considered, viz. as to whether the additional waste 
of energy involved by using only 5 cables would not 
cost more, when capitaUzed, than the difference in 
pnw be^een 6 cables and 10 cables. This point the 
author has investigated carefully, with the following 

^ kWJthe figure taken 
by Mr. W. M. Selvey*), with 8 000 hours per annum 
(91-5 per cent load factor), and with coal at 0*16d. 
per unit generated, the annual value of 600 000 units 
wasted (corresponding to 1 per cent of the total number 
of umts generated) would represent £375. 

Would, however, he fed from substation load 




40 % load factor 


£6 000 X X ^ _ 

0-16d. 7 000 kW ^ 91-5 % load factor 

= £58 300 

In other words, it will pay to invest £68 300 in extra 
cop^r in the transmission line in order to save 1 per 
cent of the total power generated. ^ 

supply to the substation, 
'‘“‘i varies 

with the square of the load. and.has in consequence 
a poorer load factor than the load itself, these waste 

^ expensive than units sold 
to the sutetation for power, and they should therefore 
be charged at a higher rate. 

The following is another way df regarding the matter • 

^ 1 000 kW .t Ihf i 

means the loss of the sale of that power (less losses) to a 
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For the purpose of showing the value of each addi¬ 
tional 1 per cent of efficiency gained in the generating 
plant, Mr. Selvey took an 8-years’ basis and capitalized 
the above £375 per annum at £3 000. From this he 
deduced that it would pay, on a plant of the above 
magnitude, to spend an extra £3 000 on generating 
plant (which had a life of only 8 years) in order to 
gain 1 per cent in efficiency, i.e. in order to save 1 per 
cent of the power. In other words, the sum of £375 
saved every year would enable one to continue to 
spend an additional £3 000 once very 8th year on a more 
efficient generating plant, when one renewed the latter. 

If, however, we are dealing with a transmission 
cable which has a life of, at the very least, 16 years, 
It will obviously^ pay to invest an additional £6 000 
(i.e, double) for an equal 1 per cent saving in the 1^11 
losses in the line. 

vol. Power Plant Testing,”/o«r«4 1916, 


consumer, and the loss of the revenue that would 
thereby accrue, and therefore covers all charges up"'to 
the consumer’s premises ; and if in addition to this we 
make an allowance for the poor load factor of the 
losses in the transmission line, this proportionately 
further aggravates the charge.♦ 

It seems advisable, in view of the above, to correct 
the ch^ge per unit for a loss ” load factor of. say, 
30 per cent losses), and hence to multiply the 

above figui^ of £58 300 by 40/30, which gives £77 800 as 
the capitalized value of a 1 per cent loss in the line. 

Referring now to Appendix A, we see that the losses 
consist of 


3-3 per cent plus 1-68 per cent plus 3-55 per cent 
(wattless current x resisjlw.nce) . 

= 8*4 per cent total as a sufficiently near approxi¬ 
mation. 


-It a • w/ 566 iHc remorjfs DV Messrs. J. R. Beard, 

Av A. Morton, and H, MT. Sayers in the discussion on Mr. W. B 
Woodhouse’s paper {Jourml 1921, vol. 69; p. 86). 
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Hence, 8‘4 times '£77 800 = £653 000; and therefore, 
in order to make it pay to put 5 cables in parallel 
instead of 10, the difference in capital cost should be 
of the order of £653 000, to which would have to be 
added, say, £50 000 (to £100 000) on account of induc¬ 
tion regulators, making a total of, say, £703 000. 

The author has tlierefore assumed that it will be 
agreed that, quite apart from the question of regulation, 
it is the best policy to put down the double section 
of copper, even though this entails working at a com¬ 
paratively low current density. 


Vn. Conclusions. 

It is hoped that the following points have either been 
established or will be clear from the matter given in 
the paper:— 

(1) By the introduction of intersheaths between 

which a constant difference of potential is 
maintained (see Table 2, page 234) a gain of 
47 per cent is effected in the voltage absorbed, 
for a given thickness of insulation. 

(2) By the introduction of intersheaths having 

a steadily increasing difference of potential 
between them, working from the central core 
outwards (see Table 3, page 234) a further 
gain of 50 per cent—i.e. a total gain of 120 per 
cent—^is effected in the voltage absorbed, 
without appreciably more energy loss in tlie 
dielectric than in the case of. Table 2. 

(3) The enormous effect of temperature upon the 

resistivity of^tlie dielectric warrants tlie em- 
plojnnent of any conceivable methods—such as 
those indicated in tlie paper—which will relieve 
the temperature on the innermost layers of 
tlie dielectric. 

(4) The separation of the principal phases in the 

system proposed, or in any single-core system, 
cames with it a much greater freedom from 
complete short-circuits. 

(5) Double reliability is offered by having two cables 

per (piindpal) phase, this being approximately 
eqmvalent to a spare cable and, in the case of 
a single-core 100 000-volt S 3 rstem, to two spare 
cables. 

(6) The virtual elimination of all faults, except 

those to earth, is effected, and interruptions 
caused by such faults are reduced to such a 
degree that the working of the system is not 
seriously affected. 

(7) Considerable improvement in step-up and step- 

down transformer regulation is provided, as 
compared with that in three-core cable system?, 
operating at 30 000 volts, or single-core systems 
operatmg at 100 000 volts. 

(8) The-initial capital outlay is limited to the 

natural grbwtii of the load. 

(9) ; As compared with a 30 000-volt three-core cable, 

th»e IS no waste space in the caitre of thej, 


(10) Assuming that the line can be made self-exciting,, 
the difficulty in connection with feeding tlie 
capacity currents to the line disappears, and 
very much longer transmissions can be attempted 
than w'ould otherwise be practicable, or are 
considered in the paper. 

The author wishes to acknowledge, with many 
thanks, the assistance which he has received in com¬ 
piling the paper and the following Appendixes, from 
tlie following firms:—^Messrs. Callender's Cable and 
Construction Co., Ltd., Messrs. Henley's Telegraph 
Works Co., Ltd., Messrs. British Insulated and Plelsby 
Cables, Ltd., Messrs. W. T. Glover and Co., Ltd., 
and Messrs. Pirdlli General Cable W^orks, Ltd. (cable 
companies) ; Messrs. Reyrolle and Co., Ltd., Messrs. 
British Thomson-Hoiiston Co., Ltd., Messrs. Metro¬ 
politan-Vickers Electrical Co., Ltd., and Messrs. General 
Electric Co., Ltd. (switchgear companies) ; and Messrs. 
Metropolitan-Vickers Electrical Co., Ltd., Messrs. Brush 
Electrical Engineering Co., and ‘Messrs. Johnson and 
Phillips, Ltd. (transformer companies). 


APPENDIX A, 

Ordinary Three-phase Working. 

Power to be delivered =50 000 kW^at 0*8 power 
factor. 

Voltage at receiving end = 30 000 V. 

Length of line = 30 miles^ 

Cable used : ordinary three-core cable (as in Fig. 16). 



Resultant current per phase = 1 200 amperes. (This 
current will be passed through ten 0*26 square inch 
cables in .parallel, excluding spares.) 

Work' component of the above current = 960 
amperes (J^), 

Lagging component = 728 amperes (J^). 

Current density ==: 120/0 • 25 = 500 amperes per square 
mch (neglecting capacity current), r 

Capacity current = 6 x -E? = 0-00372 x 17 320 = 64-6 
amperes per cable. 

Total capacity currmt (10 cables) = 646 am:§eres. 

The figure 0*26 sq. in. for the cross-section is some.- 
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jvhat unduly liberal, but is retained in order to keep 
the copper voltage-.4rop within reasonable limits. 

Take, therefore, in comparing copper weights, the 
following:— o . 6 . 

Total cross-section of copper = 0*26 sq. in. x 3 cores 
(per cable) x 10 cables = 7-5 sq. in. 

• The amount of copper involved = 2 040 tons per 
30 miles. 

Below are the calculations giving the various com¬ 
ponents of the E.M.F. with their phase relations :— 

I ~ 960A —^*728A (0*8 power factor), 
r = 0-2 ohm x 30 miles == 6-0 ohms (hot). 

(0-4 X 10-«) X 2ir/ X 30 = 3-JO ohnis. 
b = 2‘nfO = 6-28 X 60 X (0-4 X 10-«) x 30 miles. 

= 0*00372 mho. 

■^=»'+y!B=6-0+/3-76 ■] .Zy=y0-0223—0-014. 

y=fi'+/6=0+y0-00372j’ J.zr=—0 0074-yo-0ni. 

1 + \ZY = + 0-.993 +yo-oni. 

Eq — Eit{\ + J-ZF) + (}• + jx){IjJ\(i + //nr/lO) 

= 17 320 (0-993 +yo-0111) 

(1—Jfta!) (j.\hr) 

jlw 

+ (6-0 -f y3-76) (960A/10 -/728A/10) 
(r) (;•*) 

’ jE.j^br rli, jrlyf jxlz xl-pir 
= 17 160 + yi93 + 576 — j4t25 + jZ60 + 274 
Eji—E.^bx 
(17 320-170) » 

= 1% 1-1% 3-3% 2-45% 2-1% 1-58% 

Total regulation " drop ” = rJjj -f xlyp -f \bEx. 

= 3-3 % + 1-58 % 

+ 1-0%= (say) 6-9%. 


APPENDIX B. 

Plain,, Single-core Scheme (see Fig. 1) with 100 000 
Volts between Phases. 

Power to be delivered = 50 000 kW at 0-8 power 
factor. 

Length of line = 30 miles. 

Cable employed: as shown in Fig. 1, 6 single-core 
0-186 sq. in. cables (100 per cent spares included). 

,Voltage at receiving end = 67 700 volts (to neutral). 

Resultant receiver current, neglecting capacity cur¬ 
rent = 360 amperes per phase. 

" Work ” component of the above current = 288 
amperes (1^). ' 

" Lagging ” component = 216 amperes (%). 

Current density = 1 000 amperes per square inch 
(excluding capacity current), = 1400 amperes per 
square inch (including capacity cuiTent). 

Capacity current = b -X 'E = 0-0033 x 67 700, 

190 amperes per cable. 

Total capacity current (2 caUes) = 38.0 amperes. 

Bela'S^ are given the components *of the voltage lost 
in the line, and thdr phase values. 


The preliminary calculations for the various " con¬ 
stants ” of the line are as follows :_ 

I = Iz — jlw 

= 288A —/216A (0-8 power factor), 
r = 0-27 ohm x 30 miles = 8-1 ohms (hot). 


L = 

■ 0-4606 

+ 0*05 + Zr' (negligible). 

= 

0-70 X 

10 “8 lienry. 

X = 

(0-70 X 

10-3) X 277/ X 30 = 6*6 ohms. 


0-0388 

X 3*2 

C == 

logT 

~ — — 0 * 35 /iF per mile. 


271/0 = 

6-28 X 50 X (0*36 X 10-C) x 30 

= 

0-00330 

mho. 


Z = r+jx=S‘T+j6-6 \ .*. ^.Zr=-0-0109-1-/0-0133 

'^—S +/6= 0-I-/0- 0033J =/0 - 0267 - 0 - 0218. 

1 -I- IZY = 0-9891-1-/0 0133. 

= •®e(1 + iZY) + (r+ jx) (Jl£ -I- jljf). 

= 60 770 (0-9891 -j-/0-0133) 

jlw 

-f (8-1 -}-,?6-6) (288A/2 -/216A/2). 

( \bEx) /( \bEr) riz jrly/r 

= 67 700 — 700 -)- /768 -f- 1 165 — /882 
1-26% 1-33% 2-0% 1-6% 

jxlz xl^ 
-f /960 -f 710 
1-65% 1-26% 

Total regulation " drop ” = rIz -t- xlw + IbEx. 

= 2-0% + 1-26% 

+ 1-26% = 4-6%. 

The amount of copper involved, allowing for 3 sets 
of cables = 460 tons per 30 miles. 

Nufc.—The leakage conductance (g) of the dielectric 
has been neglected in the a.bove calculations. In a 
more rigorous calculation account would have to be 
taken of it (see additional Note in Appendix D on this 
subject). 


APPENDIX C. 

Further Remarks on the Question of Potential 
Gradients. 

The following notes pve the result of a continued 
investigation on the lines indicated in Section III of the 
paper. 

In Table 1 are given in tabulated form the values 
of 

(1) The cp-pacity of the 1st, 2nd, 3rd, 4th, ... 10th, 

etc., layers of insulation, worldng outwards. 

(2) The corresponding capacity current passing 

radially through these layers. • 

(3) The watts lost in each layer. 

(4) The voltage differences across each layer. 

(6) The volume of each layer, ./n cubic centimetres. 
(6) The watts per cubic centimetre. 

V) Til® maximum potential gradient on each suc¬ 
cessive section. 
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It Mdll be observ&d that the total voltage absorbed 
down to the end of the tenth layer is 41 250 volts* 
The above figures mer^ely correspond to development 


In Table 2 corresponding figures are given, but this 
time on ^ the assumption that the voltages between 
successive equipotential surfaces are constant at 8 750 


Table 1. 


Decreasing Voltage Differences between Successive Layers. 


C X 10-6 
per foot 

Capacitv current 
if X 10-3 
« 2irfCE) 

Watts lost 

W,ft 
per foot 

Voltage absorbed, 

E 

0*000124 

0-341 

0-0460 

8 750 

0-000131 

0*320 

0-0370 

7 720 

0-000183 

0*321 

0-0270 

5 700 

0-000238 

0-322 

0-0200 

4 030 

0-000302 


0-0170 

3 550 

' 0-000351 * 


1 0-0140 

-^29 760 

2 890 

0-000399 

0-32 X 10-8 

0-0120 

2 500 

0-00Q461 

(constant) 

0-0110 

2 230 

0-000511 


0-0097 

2 020 

0-000360 


0-0085 

1 840 



0-2012 

41 250 


Value of 



0*432 

0*405 

0 * 28 ^ 

0*223 

0*184 

0*152 

0*131 

0*117 

0*106 

0*097 


Relative 


Max. potential 
gradient, G 

Contents 
of each layer 

Watts per cm3 

cm3 



54 

0-000834* 

30 000 

117 

0-000316 

19 050 

165 

0-000163 

13 000 

213 

0-000094 

9 510 

261 

0-000066 

7800 

' 306 

0-000046 

6 350 

364 

0-000034 

, 

402 

0-000027 


460 

0-000021 

- 

489 

2 820 

0-000017 



Table 2. 


0-000124 

0-000131 

0-000185 

0-000238 

0-000302 

0-000331 

0-000399 

0-000461 

O-OOOoll 

0-000560 


0-341 X 

0-362 

0-491 

0-694 

0-790, 


10-8 


Constant Voltage Differences between Successive Layers. 


0-0460 

0-0472 

0.-0635 

0-0940 

0-1030 

0-3627 


8 750 

0-432 

54 

8 750 

0-405 

117 

8 750 

0-288 

165 

8 750 . 

0-223 

213 

8 750 

0-184 

261 

43 760 


810 


0-000834* 

0-00040 

0-00038 

0-00044 

0-000396 


76 per cent more (total) loss than with " tapering » E.M.F. 


30 000 
21 600 
20 000 
20j50(r 
19 260 


I 


Table 3. 


0-000124 

0-000131 

0-000185 

0-000238 

0-000302 

0-000351 

0-000399 

0-000461 

0-000511 

0-000560 


Increasing Voltage Differences between Successive Layers, 


0-227 

0-340 

0-616 

0-843 

1-270 (0-636) 

0-020 

0-045 

0-098 

0-142 

0-269 (0-0635) 

5 820 

8 920 

10 600^ 

11 300 

13 320 (6 660) 

l/doffiVa) 

2-31 

2- 47 

3- 47 

4- 48 
6-44 

54 

117 

165 

213. 

261 

0-000370* 

0-000385 

0-000694 

0-000668 

0-000486 


0-659 (0-368) 

49 960 (43 300) I 

6-58 

810 



4 per cent more (total) loss than with constant voltage per section. 


20 000 
22 000 
24 200 
26 600' 
29 300 


> , ot being a fuU half centiiaetre thick, is not properly representative of the others. 


*”^her ou^-ards on the cable of the figures given in 

XT" 


volts, instead of ^minishing according to the figures 
pven, M in Table 1. In this case it will be observed 
that after reaching the fifth ring of insrilation, cor- 
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responding to a radius of 3 cm, 43 760 volts has been 
absorbed in the iusulation. It will also be noticed 
that the watts lost in the insulation up to this point 
due to the condenser current alone are now 0’3627 as 
against 0-2102 in Table 1, i.e. an increase of 76 per 
cent. The watts lost per cubic centimetre on the 
umermost layer are, however, identical with those in 
Table 1 and this is the criterion by which we have to 
abide (from the point of view of heating). 

Therefore, in putting relatively more stress upon the 
succeeding layers as we work outwards, as compared 
with those in Table 1, we have reduced the effective 
radius of the insulation from 6 cm to 3 cm, i.e. the size 
of the “cable necessary to absorb 43 760 volts would 
be reduced in that proportion. The comparison would 
be much more marked if we had carried the readings 
in Table 1 further, as will be evident from a considera¬ 
tion of these readings. 

In Table 3 particulars similai* to those given in 
Tables 1 and 2 are worked out, but this time on the 
basis of actually increasing the voltage differences 
between the successive layers, instead of keeping them 
constant as in Table 2 or reducing them as in Table 1. | 
It will be seen that the potential gradient in the ring 
of insulation next to the core is now reduced to as 
low as 20 000 V/cm as compared with 30 000 V/cm in 
Tables 1 and 2. By adding up the voltages absorbed 
it will be seen from Table 3 that 49 960 volts have been 
absorbed by the time the 3 cm radius has been reached. 
This is more than is required and therefore the pressure 
upon the outennost slice of insulation might be con¬ 
siderably reduced, as shown, for instance, by the figures 
given in brackets. It will be noted that if we had not 
redjj(.iced the potential gradient of this outermost slice 
the total vv*ktts lost,due to hysteresis would be rather 
more, namely 0-669, but that if the pressure is reduced 
to 6 660 volts the total watts lost will only be 0-368, 
a result virtually identical with that obtained in Table 2, 
but with the'** great advantage of reducing by over 
CO per cent the watts per cm^ next to the core. 

Bearing in mind what was previously put forward, 
viz. that, in the ordinary working of the cable, the heat 
generated in the copper core due to the load current 
causes the slices of insulation to be progressively hotter 
towards the centre of the cable, it will be seen that 
a great advantage would be obtained by generating the 
greater proportion of the heat due to dielectric hysteresis 
in die slices of insulation that are naturally at a much 
lower temperature, and in which, instead of the dielec¬ 
tric power factor remaining constant from the centraT 
core outwards, is assumed in Tables 1, 2 and 3, it 
would consequently be diminishing, with still better 
results than those shown in the tables. 

In addition to the above it must be remembered that 
not only does the heat due to the loss in the copper 
produce temperatures in the innermost layers of insula¬ 
tion greatly above those in the exterior layers, but 
tliat the conductance losses due to pure leakage of 
current (which acQ not taken accoimt of in Tables 1, 2 
and 3), also produce heating under conditions pre¬ 
cisely similar to those of dielectric hysteresis. The 
advantage gained in the dielectric*' hysteresis loss is 
practically doubled (and may be quadrupled) by that 


gained in the pure conductance doss through the 
dielectric. 


APPENDIX D 

Calculations of Capacities of Triple-concentric 
Cables. 

Referring to Fig. 6, let the innermost, intermediate 
and outermost cores be designated a, h and c, respec¬ 
tively, and let the lead sheathing be designated d. 

Let the dimensions be as follows :— 

Radius of a .. 0-835 

Radius to interior surface of core b . . .. 2-105 

Radius to exterior surface of core 6 .. .. 2-300 

Radius to interior surface of lead sheathing 

underneath core c .. .. 3-670 

Radius to exterior surface of lead sheatliing 

underneath core c .3-920 

Radius to exterior surface of core c .. 4-120 

Radius to interior surface of external lead 

sheathing ... 

Radius to exterior surface of external lead 
I sheathing .. 

The capacities per mile of the three insulations are 
obtained as follows :— 

0*0388 X 3*2 

°° fogio (2-10/0-836) ®'3095 X 10-0 farad 

^^'0 = log“'s-5^/^3V “ X 10-® 

= logi^l6TT2/4T2T = 1-pO X farad 

The total capacities for 30 miles are therefore:— 

<^alb = 0-3096 X 10-0 X 30 = 9-27 X lO-o farad 
Gbie = 0-647 X 10-6 X 30 = 19-6 X 10-0 farad 
Ocia = 1-00 X 10-6 X 30 = 30-0 x lO-o farad 

The capacity currents through the three insulations 
are:— 

^alb ~ ^alb ^ ^ 

= 27rx60fviX (9-27X 10-6) X30 000 V=87-2A 

^ble = ^btoXE 

= 27rX60cox (19-6X 10-6) X 30 000 V=183-6 A 
■feM = hiaXE 

= 277X 60CO X (30X10-6) X 16 000V=141-6A 

Now, 

87-2Ax30 0b0V= 2610kVA; or67 700Vx 46-2A 
183-6 Ax 31} 000 V= 6600 kVA; or 67 700 Vx 96-4 A 
141-6 Ax 16 090 V.= 2 120kVA; or 67 700 Vx 36-8 A 

■’ kVA per cable = 10 230 -- 

Current per cable (central core) = 177-4 A 

Taking the power factor at 1-6 per cent, the kilowatt 
loss due to dielectric h 3 ^teresis.'klone (i.e. neglecting 
leakage conductance loss) is:— 

10 ?30 kVA X 0 -016 X 6 (cables) = 918 kW 
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which is 918/50poo = 1*84 per cent of the power 
transmitted. 

Total kVA capacity (wattless leading current) for a 
30-mile section * 

= 10 230 kVA per cable X 6 (cables) 

= 61 200 kVA (approx.) 


Resistivity Loss in Dielectric. 

The following first approximation to the resistivity 
loss (i.e. the * leakage conductance '' loss) in connection 
with the author's system has been worked out, on the 
basis of the specific average effective resistivity per 
cubic centimetre being taken at 100 x 10^0 ohms at 
23® C. and at a potential gradient of 40 kV/cm ; and the 
formula used is as follows :— 

Watts per cjn length of cable = 


^ f-V 

rl ^ 


P(av>) 

27rl 

2ttI . 

P{av.)^o^(h]^) 


where = average effective resistivitv per cubic 
centimetre, 

— (sa-y) 100 X low ohms per cubic centi¬ 
metre ; at 26° C. and at 40 kV/cm. 

From the above formula we obtain;_ 

(per mile) = 8-28 X (6 280 x 30-6) x 30 000 2 

100 X lOWx2-30 X logio(2-105/0 -836) 
= 986 watts (per cable) 

^6/c (per mile) = M0_2^0-5) X 30 000® 

100 X low X 2-30 X iogi‘o(3“6'7/2-30j 
= 2 066 watts (per cable) 

If'c/i (permile) =_ ^’28 x (8 280 x 30-6) x 16 000^ 

100 X low X 2-30 X logio(6-12/4'12) 
= 796 watts (per cable) 
Total watts (per cable) = 3 836 
Total per 30 miles of cable = 116 060 
~ cable. 

® (cables) , 

50 000 kW 1'376 per cent loss in 30 miles. 

.A-ofe.—The figure 100 x lOW ohms per cm8 is ton 

160 X low Ohms j^r cm* Tm^e neaS? 

30OOO-vo™tl^^corr Mn^ re^tivity loss in the 
thefoHowing^ non-concentnc cable, we haVe 

Watts pef mile = «2n- X x (6 280 x 3 0-6^ 

P(«.) X 2-3 X logio (1-86/F2^ 

^ J-28 X (17 320)8 X 5 X 30-6 
100 X low X 2-3 X logio(l-80/l-20? 


Watts-per mile per core = 750 
Watts per mile per cable = 2 250 

«• Kilowatts per mile per cdble = 2-25 
. Kilowatts per mile (10 cables) = 22-6 
Total kilowatts in 30 miles = 675 

Hence the percentage loss = 675/50 000 = 1 • 12 ppr 
cent. Hence the difference in leakage conductance loss 
between the 30 000-volt cable S 3 ?stem and the author’s 
100 000-volt cable S37Stem is only one-quarter of 
1 per cent. 

Preliminary Calculations for Potential-drops 
ON THE Author’s System. 

The calculati(®is may be' greatly simplified—tliough 
of course with some loss of accuracy—by assuming 
that the reactance drop in the line at full load is of 
the s^e order as that worked out in Appendix B for 
a plam single-core 'cable (per phase), and that the 
capacity nse at no load is also of about the same order; 
^ that the capacity current required for charging the 
further half of ihe line is fed to the substation tlirough 
tte central cores at 100 000 volts, in the mamier indicated 
m Figs. 12 and 14. 

We have then merely to see that the copper in the 
central cores is sufficient to carry the vectorial sum 
of the charging and load cmi-ents at a current density 
comp^ble with that obtaining for the load current 
a one, so that the drops in the two cases (i.e. with and 
without the load current) remain equal. 

Having obtained the drop with the reduced section 
of copper and without the Charging cniTent (i.e. when 
caiT^g the " load ’’ current alone), we can add the 
reactance drop and the capacity rise, taking these at 
the values given in Appendix B for a plaifi single-core 
cable, per phase. The sum of the tlu-ee terms will 
represent the " regulation ’’ of the line. 

1 the present, that the whole 

load to lx transmitted is divided, half being carried 
by the three "hexagons” and half by the "major 
(or stars) it will be foimd that the following is 
the division of the load current 

(1) On the cores a and ai [see Fig. 9 (I)] we have to 
pass 162 amperes per core, viz. 90 amperes 
due to the " major star ” and 62 amperes due 
to the " hexagon.” 

(2) On the cores b and bi and c and ci we have to 
pass only 62 amperes. 

Let ae central cores a, ai be worked at a current 
denaty of 760 amperes per square inch; let b, bi’be 
worked at 660 amperes per square inch; and let c, c. 
be worked at 760 amperes per square inch. 

The voltage-drops in any single ivire are then: in 

t ; in b or bj 843 volts; and in c or c, 

1126 volts. ^ 

Expressed as percentage losses these are 

a and ai = 1-96 per cent in terms of the " major 
. star,” * ■ ^ 

= 3 • 76 per cent in terms of the " hexagons,” 
bandbi = 2-ffpercentintermsofthe "hexagons,” 
c and Cl = 3-76 per cent in terms of the " hexagons. ” 
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The cross-sections are:— 

a and ai = 0 • 203 square inch, each (con;ected to 
0'236) (see below) 

bandbi = 0*107 square inch, each 

c and Cl = 0*08 square inch, each, 

The mean drop on the hexagons = (3 • 75+2 • 8+3 • 75)/3, 

= 3*43 per cent. 

The mean drop on the major star and on the hexagons 
combined ~ (1*96 -j- 3 *43)72, 

= 2*69 per cent. 

This means that at half load (at which point the major 
star is switched out) the major star at the receiving 
end would receive :— ^ 

100 - i(l‘^S) = 100 — 0*97 == 99*03 per cent 

of the full voltage of the sending traiisformer ; while 
the hexagon would receive 100 — J(3*43) = 98*3 per 
cent of the voltage of the sending transformer. 

The difference between them would thus be 0*7 per 
cent. This difficulty would be remedied by arranging for 
different windinjg ratios at the sending and receiving ends, 
so as to equalize the percentage drops at, say; three- 
quarter load, and so that on full load the major star 
would take too much load and at half load the hexagon 
would take too much. It might be desirable to have 
an automatic induction regulator with a very small 
range, but this is not at present contemplated. 

Allowing for the capacity current of the system we 
must increase the section of the central core in the 
proportion of ^[(152)2 (88*6)2]/l52, i.e. to 0*236 

square inch. 

Allowing for this, and remembering that, on the 
occasion ol> the breakdown of a cable, the hexagon '' 
belonging to that cable is broken up and that con¬ 
sequently a proportion of the cross-section of the 
central core corresponding to 62 amperes is liberated 
and also that 62 amp^es is liberated in the intermediate 
and external cores of the cable, it will be seen that 
the cable will readily be able to grapple with the 
•situation if the cross-section of the central core be 
raised to the above figure. 

is subst^tially the figure that has been the 
basis of estimates of cost obtained from the cable 
■makers. 

The loss in transmission at full load, when averaged 
•over the " major star ” and the " hexagons,” comes 
<mt, as alr^dy indicated, at 2-69 per cent. 

_ If to this we add the capacity rise and reactance 
dfbp obtained previously (see Appendix B) for a single- 
«ore cable, viz. 1-2 per cent and 1-2 per cent respec¬ 
tively, we obtain a total, of 6 -1 per cent. 

It must be remembered that, if the author’s deduc¬ 
tions are correct as to the practicability of suppl ying 
the charging current of the line from the lagging com¬ 
ment of the consumers’ load, both these " drops ” 
msap^ar altogether, and the ” regulation ” of the line 
then becomes 2-69 per cent, a figure so low that we 
corrid afford to reduce greatly—perhaps even to halve— 
tte crc^-section of copper in the line, or, alternatively, 
to double the distance for the sanib “ regulation ” as 
that obtained with a single-core cable system. 


AT 100 000/160 000 VOLTS. 


We might thus easily transmit up^to 60 miles with 
high efficiency, which means 100 miles wffien trans¬ 
mitting from both directions,, as would be probable in 
railway work (e.g. between London and Birmingham). 


APPENDIX E. 


Comparative Costs of 30 000-volt and 100 000- 
voLT Schemes. • 


Scheme ''A” (30 OOO Volts). 


Buildings ... 

Oil szmtches {including busbars) : 

6 tliree-phase . automatic switches, 

6 000 volts, each to carry 2 420 
amperes and rupture 1 600 000 £ 

kVA . 16 000 

6 three-phase non-automatic 
switches, 30 000 volts, each to £ 
carry and rupture 366 amperes 10 000 

Transformers: 

30 4 200TkVA, single-phase, 30 000-volt, 
0*8 power factor, 60-period transfomers 
(including 2 spares) 

Station cables and busbars, etc:: 

Allow .. 

Trunk cables : £ 

Including laying .. .. 950 000 

Excavating and reinstatin g streets 50 000 


£ 

10 000 


^ 26 000 


60 000 
3 000 


1 000 000 


Total . £1099 000 

Scheme "B (100 000 Volts). 

Buildings: ^ £ 

(Based upon actual figures). 25 000 

Oil switches : 

6 000 volts. 

2 three-phase automatic switches, each 

to carry 3 340 amperes and rupture £ 

1 500 000 kVA . 6 000 

6 three-phase automatic switches, each 
to carry 577 amperes and rupture 
750 000 kVA • .. .. .. 6 000 

4 three-phase automatic switches, each 
to carry 805 amperes and rupture 

750 000 kVA . 4 000 

100 000 volts, 

4 tliree-phase non-automatic switches, 
each to carry and interrupt 90 

amperes .. *. 7 000 

12 isolating switches, for 200 amperes; 

24 isolq^g switches, for 100 amperes 5 000 

3 earing switches and isolating . 

„ switches .. .. ,. .. 2 000 

Sundries .1000 

« w. . ‘ —— 30 000 

Major star ” transformers: ^ ^ 

8 7 000-kVA, single-phase, ^ 000/60 000- 
volt, 0*7 power factor, transformers. 

^ » 8 7 000-kVA, single-phase, 2 800/60 000- 

volt, 0 * 7 power factor, transformers •. 52 800 
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Brought forward. 107 800 

“ Hexagon “ transformegs : 

20 6 000-kVA, 2 800/60 000-volt, 0-7 
power factor, single-phase trans- £ 

formers . 50 OOO 

6 2 600 - kVA, 2 800/30 000 - volt, 
single-phase, transformers ,. 10 000 


W WWW 

Note.—It the substation load be used to feed 
the capacity current, the above transformer 
cost will be reduced to, say, £76 000. 

Station cables, busbars, etc. : 

. 6 000 

Trunk cables .. ., ,. ^ ^ ^ ^ ^qq qqq 
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appendix P. 

Tlie author desires to add tlie following interesting 
and. as he judges, important results obtmned by Messrs. 
Clark and Shanklin in connection vdth the drop in the 
resistivity of the dielectric as affected by temperature, 
voltage gradient and frequency. The following figures 
are talcen from some curves plotted by the author 
and roughly embodying Messrs. Clark and Shanklin's 
tests :— 


Fre¬ 

quency 

r 

Voltage 

Cable No. 

Potential 

gradient 

Tem¬ 

perature 

Resistivity 

60 

v 

12 000 

2 

kV/om 

15-8 

®C. 

24 

186 X 10W> 

60 

12 000 

2 

15-8 

30 

120 X 10ff> 

60 

12 000 

2 

16-8 

40 

63 X 10«> 

60 

12,000 

2 

16-8 

60 

27 X lO’O 

60 

12 000 

2 

16-8 

60 

12 X lOlO 

60 

12 000 

2 

16-8 

70 

8 X 10“ 

60 

12 000 

2 

16*.8 

80 

6 X 10“ 

60 

1 12 000 

2 

16-8 

90 

4 X 10“ 

,60 

12 000 

2 

16-8 

100 

2-5 X 10“ 

60 

48 000 

1 

60 

23 

38-6 X 10“ ■ 

60 

48 000 

1 

60 

30 

26 X 10“ 

60 

48 000 

1 

60 

40 

16 X 10“ 

60 

48 000 

1 

60 

60 

9 X 10“ 

60 

48 000 

1 

60 

60 

6 X 10“ 

•60 

48 000 

1 

60 

80 

3 X 10“ 

— 


Note.—Cable No. 1 had a core radius of 1-6 cm and 
an insulation radius of 2-63 cm. 

Cable No. 2 had a core radius of l-66cm and a^i 
insulation radius of 2*61 cm. 
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Discussion before The Institution, 7 December, 1922. 


Mr. G. P. Sparks: The problem put before us is 
the straight transmission of 60 000 kW over 30 miles, 
and the author gives a particular instance of trans¬ 
mission at 30 000 volts with three-core cables versus 
single-core cables mth intersheaths at 100 000 volts. 
Stmight transmission is, as a rule, to make use of 
natural resources, e.g. water power, or some form of 
fuel tliat cannot be transported. In this country we 
liave particularly before us distribution over a wide 
area, i.e. the building up of a load sufficiently large to 
justify the use of large po^yer stations, such distribu¬ 
tion requires a system suitable for control at a number 
of substations. The alternative method of transmission, 
viz. by means of overhead lines, is not mentioned in 
the paper, and 1 feel that straight^transmission would 
have to be carried out by such means raither than by 
the three-core or the single-core cable proposed. Con¬ 
tinuous improvement has been and is being made in 
cable design. The first 10 000-volt cables were designed 
by Ferranti and put into use in 1890, the dielectric having 
a thickness of | inch. The next definite step forward 
was between 1902 and 1903, when a system working 
at 20 000 volts came into use on the North-East Coast. 
In 1915 30 000-volt three-core cables were used for 
transmission iii this country, amongst other instances 
being work carried out by me in South Wales. I expect 
the discussion will biing out the fact that cable makers 
are nowprepax*ed to build thjfee-core cables and guarantee 
them not only for 40 000 volts but for still higher pressures. 
The limiting factor in connection with three-core 
cables is hysteresis, which was first drawn attention to 
by Mr. Mordey in 1901 in connection with certain tests 
which he carried out with me. It was then found that, 
with the lower pressures of 6 000 and 10 000 volts then 
in use, hysteresis in - cables was unimportant. The 
question did not arise again until 1915, when the higher 
pressure of 30 000 volts was adopted. During the 
past five years cable makers have halved these losses, 
and at Birmingham the 33 000-volt cables have the 
same thickness of dielectric as was employed in 1890 for 
10 000 volts, i.e. | inch. I feel that if the problem of 
straight transmission at 40 000 volts were before us, 
it could be solved by the use of five 40 000-volt, three- 
core cables at half the cost which the author has given 
30 000-volt cables, without exceeding tlie practical 
limits of pressure loss in transmission. As a practical^ 
engineer, I require the cable to be armoured. The 
author says on page 221, “ By increasing the amount 
of copper by 10 per cent, the iron wire loss can probably 
be compensated for by the reduced copper voltage-drop, 
and may then be neglected altogether.**' I want some¬ 
thing much more reassuring than that, as I do not 
consider that it would be wise, from the point of view 
either of operation or of the safety of the public, to 
have cables working at the pressure. suggested, unless 
tlie cables are armoured. On page 230 the author 
states ^at with 30 000TVolt transmission the, loss in 
transmigsion with 6 cables would be ;about 19 per cent, 
and the latter regulation is. entirely impracticable 
without a. very grealt outlay in induction regulators and 


considerable expense in the maintenance of the same.’^ 
\Nipi long lines I think a regulator is entirely justified. 
It is true that in short transmissions the expense is 
unwarranted, but I see no reason why, with our present 
knowledge of regulators, they should not be quite 
practicable on quite a large scale from the points of 
view of capital cost, running cost and reliability. In 
conclusion I feel that where straight transmission is 
required over a long distance, it should be effected 
by overhead'lines. If, on.the other hand, this is not 
practicable, then tliree-core armoured cables should be 
used at 40 000 volts or over. 

Dr. J. A. Fleming : It is certain that if the electri¬ 
fication of main-line railways is to take place, the subject 
of transmission at high pressures by underground 
cables will have to be considered. The problem is^ 
fundamentally one of electric strength versus dielectric 
coefficient or constant. Unfortunately, thes« two 
qualities vary, generally speaking, in the same direction. 
An insulator of high electric strength has, with one 
exception, a high dielectric constant, the exception 
being compressed air. The electric strength of such 
material as is generally used in underground conductors, 
e.g. impregnated jute or hemp, is usually given at from 
200 to 250 kV/cm. The dielectric constant is high, i.e. 

3 or 3 J; thus the capacity current is large. In the case of 
air, the electric strength at ordinary pressure is only about 
30 kV/cm, but it increases almost proportionately to the 
pressure, so that if it is pumped up to 100 Ib./sq. in. 
it will have an electric strength of about ^00 kV/cm, 
i.e. approximately equal to that of impregnated jute 
or hemp. The important point i§, however, that the 
dielectric constant will not increase much above unity, 
and therefore the capacity current will be about one- 
third of what it would be on a solid dielectric. Let us 
suppose that a copper rod is insulated by some suitable 
form of solid insulator in the axis of a copper tube as 
the return, and that the two are placed in a steel pipe 
which is j ointed and made tight for a pressure of 160 Ib./sq. 
in., the copper tubes being jointed by copper sleeves. 
If there were an air space of 1 inch all round the central 
conductor, the electric strength, at 100 Ib./sq. in., 
should be 400 kV/cm, which would allow an ample 
margin, and there would be no difficulty in maintaining 
that pressure against a slight leak at a veiry small expense.^ 
Indeed, a small leak might be an advantage in keeping 
out moist air and in getting rid of ionized air. The 
one thing that might be questioned is whether the 
ionization of air would continue at 100 000 volts to sm 
extent which would break down the insulation; also, 
whether there are any veiy serious difficulties in con- 
ve 3 dng the current through insulated glands into the 
conductors. I should like to see an experiment of 
that kind tried on rather a large scale, to find out 
whether with highly compressed air we. could not 
derive the advantages of high electric s^ength -with a 
small dielectric, constant and, 'therefore, small capacity 
currents. 

"Sir, C. J. Beaver ; The author has referred to the 
proposals which I made in 1916 with regard to these 
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intersheath single cables, but I should like to point out 
that those proposals did not originally emanate solel 3 J' 
from me. Some of tb© suggestions with regard to the 
subject go back as far as 1906, when the general prin¬ 
ciple was suggested by Mr. Morris in connection with Dr. 
Russeirs paper.’'* A considerable amount of work was 
subsequently done by Dr. Russell, Mr. LI. B. Atkinson 
and Mr. A. E. Tanner in scientifically developing the 
principle of intersheath grading and adapting it to 
the conditions of commercial use. It has remained for 
the present author, by means of this six-phase/three- 
phase system, to combine the principle with a system 
of distribution in which inter^heaths function as current- 
carrrdng layers as well as potential distributors. In 
taking that step he has enormously increased the 
commercial efhciency of the intersheath type of cable. 
Apart from questions of the operation of the six- 
phase/three^hase system, it seems tome that the author's 
proposals may be regarded as involving two sets of 
practical problems. Tlie first relates to the production 
of the^ecessar^j- transformers and switchgear, and the 
second to the manufacture and installation of the 
proposed cable. With regard to the latter, the author's 
demands on the cable maker in the matter of stress 
■qua stress are not at all exorbitant, but the form cf 
cable is somewhat foreign to present-day cable-making 
practice. I happen to know that the author has, or 
had, some misgivings as to whether the outer section 
of the cable shown in Fig. 6 could be made without 
endangering the efficiency of the inner portions hy the 
heat treatment involved in- the impregnation of the 
outer layer of dielectric. Such a danger undoubtedly 
exists in the ordinary vacuum or vacuum-pressure 
method of impregnation, but, as I have pointed out to 
the author, there is another method by which risks of 
this character can be entirely avoided. Broadly, this 
consists in impregnating the paper in sheet form prior 
to cutting it into strips and applying it to the conductor. 
This method w-as evolved by me in 1897, and has been 
solely used by my company ever since. Obviously, all 
• parts of a dielectric made on this principle must receive 
the same treatment, whereas this cannot be the case 
in the ordinary me-fchod. Moreover, in the ordinary 
process the dielectric properties of the impregnating 
inedium—in so far as they are correlated to physical 
properties—have to be subordinated to the necessity 
of penetrating the mass of paper under reasonable 
conditions of time and temperature. Having to be 
■thin and mobile in order to penetrate, a tendency to 
bleed out again, or to become displaced "under working 
temperature conditions, is entailed. In addition, there 
is» alwa 3 ^s the risk of insufficient penetration on -the one 
hand, or too prolonged exposure to the high tempera¬ 
ture of the impregnating process on the*" other. The 
'' prior " impregnating process is entirely free from these 
disadvantages, allows considerably greater freedom 
in the choice, of materials, and consequently permits 
much more scope in securing the best combination of 
physical ^d elec-trical properties in the impregnating 
medium. The .desirability of this method becomes, 
of course, greater as higher voltages and consequently 

, o "The Dielectric Strength of Insulating Materials, and tUe 
Oradmg of .Cables,**1908, voL 40, p..6.. 


greater thiclmesses of dielectric have to be dealt* with. 
The author’s reference to the work of Clark and Shanklin 
and others brings up the important subject of the 
effect on dielectric losses of the occlusion of air and 
gases. These investigators attached so much importance 
to this matter as to conclude that the critical stress at 
which occluded air becomes ionized—about 19 *6 kV/Cm 
—should not be exceeded in an impregnated paper 
dielectric, British cable mak:ers, however, did not 
accept this dictum, and to-day more than one firm, 
including my own, can point to cases of two 3 ^ears 
or more of satisfactory working at stresses up to 
50 kV/cm. There appears to be little doubt, how¬ 
ever, that freedom from occluded air and gases 
.would give considerable advantage not only with 
regard to dielectric loss, but probably also to electric 
strength. The “prior'' imprecation method gives 
freedom from occluded gases because there is no heat 
treatment after the dielectric is built up. With regard 
to occluded air, I do not think -that either process has 
yet produced an absolutely air-free dielectric, although 
certain refinements are employed to that end in each. 
It will be fairly clear, however, on a moment's considera¬ 
tion, that if, in the. “ prior " method, the already im¬ 
pregnated paper strips could be applied to the cable in 
an air-free medium, e.g. under the surface of very 
viscous oil or molten compound, the dielectric so built 
up could not contain air. The necessary plant to 
accomplish this has been designed and constructed and 
will shortly be in use. 

Mr, P. V, Hunter : It seems to me that, up to the 
present, cable manufacture and research and develop¬ 
ment on cables in this country have proceeded on quite 
fixed and well-defined lines. Certain definite ftJms 
of cable have been stereot37ped, and the direction of 
progress has been to try to increase the specific loading 
of the materials. For instance, the question of the 
current density at which cables -can be^run has during 
the past 10 years received very considerable attention, 
and the stress at which the dielectric can be operated 
has received if an 3 rthing even more attention. This 
has resulted in considerable progress, but ffi one direction 
only. Now the author has entirely ignored all this 
line of progress and has set himself quite different ideals. 
It would therefore be hardly fair to criticize the paper 
for not dealing with this aspect of development I 
should like to say, however, that he has not) done the 
cable manufacturer of -this country an 3 rthing like justice 
^ in the 33 000-volt cable which he^ has sho-wn on page 232 
for the purpose of comparison with his own proposals. 
It must be remembered that the author's proposal 
is,. after all^ very speculative. If, -therefore, he has 
put up a speculative proposal he ought to compare it 
with some-thing of a similarly advanced nature in existing 
methods, and T think I. shall be quite safe in saying 
that a 66000-volt tbree-core cable run at 2^ times the 
cuirent density that is proposed in the paper for the 
33 000-yolt cable would be a great deal less speculative 
than the cable and method , of operation proposed by 
the author. Had he made his ♦ comparisons on this 
basis the saving ,of £500 000 would, of course, have 
completely disappeared. I think that the au-fchor's 
proposals really, amount to this,;. '' I. wiU put a stop 
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to any attempts to increase the specific loading of my 
materials, and I will see whether by changing my circuit 
arrangements or by any kind of subterfuge I c^ gain 
advantages in other directions.*^ He has no doubt 
been encouraged in this line of attack by the fact that 
in communication circuits there have been very great 
advances in dealing with the development in this way. 
Mr. Gill in his Inaugural Address told us how many long¬ 
distance communication circuits were operated on four 
wires. The number appears almost incredible to a 
power engineer unfamiliar with such matters, and I 
think that the present author has set himself to discover 
whetlier or not it is possible to arrive at some similar 
Idnd of development in power work. I do not think 
for a moment that the particular scli^nes which the 
author has proposed are in the slightest degree prac¬ 
ticable. Mr. Sparks has pointed out tliat, as described, 
the scheme proposed would appear to be suitable only 
for straight end-to-end transmission. I do not think 
any scheme which is limited in that way would be at 
all applicable to the conditions of this country. On 
the other hand, if an attempt is made to apply this 
scheme to any kind of high-pressure interconnected 
distribution network, the amount of switching entailed 
will be excessive. For instance, the number of busbars 
required in a substation where there is a junc¬ 
tion between three such feeders as are shown in 
Fig. 11 would, I think, be 21. To make the scheme 
at all practicable the serious difficulty of capacity 
current which the author has encountered has to be 
overcome. This difficulty is met with on all occasions 
when one tries to limit the nfkximum stress on the dielec¬ 
tric and employ it more usefully by running at a constant 
strej^p throughout. This means, in the case of single¬ 
core cables, Sr cables of similar construction, that the 
large mass of dielectric near the outer periphery has to 
have its stress increased. The result is a large increase 
in capacity current. The author's’ proposed scheme 
of neutralizing *the capacity current and running at 
unity power factor should not be credited as an advantage 
of his system. It is an essential complication which 
must be adopted because he is running into the difficulty 
of greatly increased capacity current. As he . has to 
attack this difficulty it is very natural that he should 
attempt to eliminate the capacity current entirely, 
and with this I agree. F'ig.- 11, I understand, gives in 
diagrammatic form the. essence of the author's specific 
proposals. I am not sure that it is easy to follow 
from the description what is intended and the reasons 
which have led the author to the arrangement shown, ^ 
and it may be of interest to state briefiy the genesis 
of the arrangement as it appears to me. The author 
has chosen a main transmission pressure so high that 
some form of single-core cable is necessary. In order 
to keep the dielectric stress within the limits postulated ^ 
he has had to assume the use of intersheaths regulating 
the pressures between sections of the dielectric. These 
intersheaths must necessarily carry large capacity 
currents and, with^ view to increasing the amount of 
energy transmitted by the arrangement, and also no 
doubt haying in mind that the addition of capacity 
currents *'and . energy currents gives a resultant of less 
magnitude than the arithmetical sum, he has endeavoured 


to arrange that the intersheatli shall also carry energy 
current. It would be almost ideal for his purpose if 
the energy current to be carried^ by the intersheaths 
could have been the ordinary three-phase system, but 
unfortunately tins is not very suitable. The result 
has been that the author has had to employ a six-phase 
arrangement for superimposing on his intersheaths, and 
this has led to the employment not only of the hexagon 
arrangement but also of six cables instead of three, which 
would otherwise have been satisfactory. On the whole, 
therefore, it is fair to state that the main object of 
the whole of the arrangement is to employ intersheatlis 
for the purpose of transmitting energy, as well as 
capacity currents. 

Communicated: It is well that attention should 
be directed to the author's argument for employing an 
excess of cables in order to save energy losses. The 
author computes that a 1 per cent saving in energy lost 
is equivalent to £68 300 in capital expenditure. The, 
cost of a unit of losses is assumed to be 0-ad., the period 
on which the computation is based being lO^ears. 
This computation obviously assumes that for the next 
16 years there will be no reduction in the cost of produc¬ 
ing electricity, which seems to me to be very improbable 
indeed. If, however, there is a reduction in the cost of 
producing electricity, then the capital value of the losses 
falls, and I have no hesitation in predicting that during 
the next 16 years the cost of the losses will be very 
substantially less than the figure stated by the author, 
with the result that any capital expended on the assump¬ 
tion tliat it paid to spend capital to save losses would 
be largely wasted. Apart, however, from this weakness 
in the author's argument, the whole suggestion that 
supply authorities should spend capital purely for 
the purpose of saving losses is against all commercial 
practice. In the author's case he proposes to run his 
33 000- volt cable at a current density of 600 amperes per 
sq. in., when a density of at least 1 260 amperes per 
sq. in. would be permissible. In other words, although 
four cables would be sufficient for his purpose he proposes 
to put in ten, merely because he can show on paper that 
the saving in losses would justify the extra capital 
expenditure. This argument seems to me to find no 
support in practice in this or any other country, nor 
is it likely to appeal to any branch of the industry with 
the possible exception of that which makes the cables. ** 
Mr, J. S. Highfleld : A study of the paper seems 
to suggest that the author is adding to the well-known 
compKcation of transmitting electricity by alternating 
currents; and.it makes one feel all the more tliat if, 
for the sake of simplicity, we could generate and trans¬ 
form direct current, the whole problem would becon^p 
much more simple. On that subject the author suggests 
that even i4we could use direct current there would 
still be this difficulty of intersheaths in order to malce 
tfiye insulation secure. I can assure him that up to 
100 000 volts there is no difficulty at all in using a single¬ 
core cable with | in. of insulation (or perhaps a little 
more) to work at 100 000 volts. I^pr some 3 jears there 
has been a cable supplying Lyons^'^t tliat pressure. I 
laid a main consisting of two single-core cables of 
0^^126 sq. in. cores plain lead-covered and laid in iron 
pipes, for the Metropolitan Electric Supply Company, 
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to work at 100 000 volts. Dr. Fleming has referred to 
the use of compressed air as an insulator. He may 
be interested to hear Jthat some years ago, when I was 
working a great deal on the possible use of direct current 
for high-tension transmission, it became obvious that 
it was much easier to make a compressed-air cable with 
one core than with tliree. With one core it appeared 
to be sufficiently easy to be worth trying. In fact we 
laid down a good many lengths of 18 ft. steel tube with 
an insulator on each joint, and drew tlirougli these 
insulators a stranded cable of about J sq. in. section. 
We drew it up tight so that it could not touch the tubes. 
It w^as quite easy to go round comers because tliere 
was a suitable insulator at each joint. Working at a 
pressure from 100 to 120 lb,/sq. in. there was no diffi¬ 
culty in applying an alternating current of 60 000 volts 
between tlie conductors and the outside of the tube, 
the diameter of which w-as, I think, 4 in. In common 
..with Mr. Hunter, I have experienced some difficulty 
in understanding in w’hat the proposed new system con¬ 
sists, and I do not quite agree with Mr. Hun ter *s inter¬ 
pretation. Mr. Hunter has discussed Fig, 11 as though 
an essential part of the system were six cables and a 
large bunch of transformers. I think that the author 
could carry out liis system perfectly well with one 
three-phaso/six-phase transformer and two three-core 
concentric cables. His connections are, I tliink. designed 
with the idea of keeping tw^o of the neighbouring phases 
as near earth potential as possible, i.e. about 15 000 
volts; the two liighest phases within about 90 000 volts ; 
and the two middle ones witliin about 60 000 volts. 
Consequently the s^^stem inight. consist in a single 
transfomie^ providing six phases and two tliree-core 
concentric cables. 

Mr. P. Dunsheath: There are many points in 
the paper with which I either do not agree or pn which 
I am unable, to follow the autlior's argument. I think 
that in dealing wdth certain fundamental principles 
the author has made one or two slips. One matter to 
which I should like to call particular attention appears 
on page 223. Assuming the power factor of the dielectric 
to be 1*6 per cent, the author calculates the dielectric 
losses in the usual way, but calls them hysteresis 
losses, and shows them as hysteresis losses in Fig. 3. 
That, in my opinion, is not correct. .The product of 
yower factor, pressure and charging current gives the 
total dielectric loss including the conductance losses, 
which the autlaor refers to as a separate item in the lower 
part of col. 1, page 223. Turning now to the author’s 
six-phase/three-phase system, apparently he employs 
six cables as detailed in Fig. 6, and by applying 30 000 
volts between the inner conductor and the first inter- 
sheath, another 30 000 volts between fhe first and second 
intersheath, and 18 000 volts between the jitter and the 
lead, he is able to work a 100 000-volt three-phase svstem. 
It seems to me that the best way .to criticiae the systqpi 
is to compare it with a straightforward tapping system, 
using exactly the same cable mth the same voltage 
between conductor^. In Fig. A I have shown the 
elements of the author’s system, on the left-hand side and 
the equivalent simple tapping system on the right- 
hand side. It is obvious from the vector diagram ^hat 
the addition of the vector voltages is considerably less 


with the author’s system than with the simple tapping 
system. As a matter of fact, with equal stresses on 
the dielectrics of two equal-sized cables the voltage 
available on the left-hand system is 68 000 and on the 
right-hand system 78 000. It seems to me that this 
is really the basic principle of the matter, and to condense 
my point I should like to ask the author what are the 


6-plidse/3-phase * Tapping method 



advantages of his system over that shown in Fig. B. 
Here two, four or six cables constructed similarly to 
that of Fig. 6, but only up to ike first lead sheath, i.e. 
4*02 cm radius, are used instead of an equal number 
of cables in accordance wit:h Fig. 6, with a radius of 
6*12 cm. With the alternative which I propose, six 
cables, much smaller than the author’s, will carr^ the 

First stage 
2 cables. 

4^02 cm over lead, one 
inteTSiheatli only: 
otherwise a.s Hg. 6. 
Single-phase izoocoV 

-Second istage 
^ caHes as above 
Single-phase izodooV 





i Jiira siage. 

6 cables as above 
Three-phase loooooV 


Fig. B. 


same voltage, i.e. 100 000. volts tliree phase, witliout 
the complication of any six-phase hexagons and without 
the loss,.so far as I can see, of a single advantage claimed 
for the six-phase system. On the question of carr 3 fing 
load current, in the intersheaths, 4:he author implies 
that tliis is ope gf the advantages of his system. Now 
this advantage can* be claimed for any intersheath 
system, but is i€ such an advantage, after ‘all ? At 
first sight it seems to be a very attractive proposition. 
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but when it is remembered that energy carried at the 
top voltage in the main conductor requires much less 
current than if carried in an intersheath, the advantages 
are not so obvious. In passing, I should like to state 
that the author is not the first to propose the use of 
intersheaths for carrying current. The firm with which 
I ^am connected hold a patent * for doing the same 
thing on a simple tapping system. So far my criticism 
has been of the author's method of using intersheaths, 
but I should like to say a word on intersheaths in 
general. The development of super-pressure cables by 
the use of graded potential intersheaths has been very 
much discussed, but I do not think they are as effective 
as they are generally considered to be. I know tliat 
many authorities hold that a cable breaks down at a 
certain maximum stress and that, by a re-distribution 
of stress by potential sheaths, higher values will be 
obtained for the breakdown of a given total thickness 
of dielectric. I am sure that when we know more about 
this subject we shall find this to be absolutely untrue. 



Fig. C.— type of 60000-volt, three-core cable. Con¬ 
ductor 0*23, sq. in. (37/0*090); overall diameter 4-6 in. 
{Henley). 

A cable does not break down, when a certain maximum 
stress is reached, but for some other reason. I know 
that makers of condenser-type terminals are quite con¬ 
vinced of the usefulness of intersheaths, but I am of 
the opinion that if intersheaths do improve a dielectric 
they do so by re-distributing the heat, and possibly 
stress, circumferentially rather than by re-distributing 
the stress radially, and that if an intersheath cable were 
left witliout the ends connected to transformer tappings 
the results would be quite as good as if they were con¬ 
nected. It is largely because of these views on the 
uselessness of potential grading that I have been worldng 
during the past few years along the lines of developing 
super-pressure cables, using three-core cables, and I 
find that it is practicable to transmit the power requhed 
for the case quoted by the author, i.e. 60 000 kW, 
over three three-core cables having an overall diameter 
of 4 • 6 inches. The cable may be either plain three-core 
or of the t 5 q)e which I prefer, shown in Fig. C, which 
1 will refer to as the S.L. type, as the cores are each 
separately lead-covered. The objection to the use of 
single-core cables is very frequently based on the 

* British Patent 138 377. 


impossibility of armouring, but here is a type in wliich 
the armouring is easily employed and which has many 
other advantages, both mech^ical and electrical. 
As it may be objected against my suggested alternative 
to the author's system that the losses will be more, I 
have tabulated various values, from which it will be 
seen that the advantage is all with the three-core type. 
The S.L. type has somewhat larger losses than the plain 
three-core cable, but its many other advantages, e.g. 
flexibility, uniformity of temperature, etc., more than 
compensate for these. As regards cost, I estimate 
that the saving of £500 000 shown by the author by 
using his system could be increased to about £650 000 
by using three tfiree-core cables as suggested. The 
figures in the following table are obtained from a long 
series of tests recently carried out and still in progress 
on two lengths of 60 000-volt, three-core cables, samples 
of wliich I liave placed on the table for inspection. 


Comparison of Six-pKasejTkree-phase Transniissicm at 
100 kV with Simple Three-phase Transmission atS(i kV. 



6-phaM/^^hase; 

Simple 3-phase: 00 kV 


Using 6 concen- 

Using 3 plain 

Using^3 S.L. 


trie cables 

3‘cure cables 

cables 

Distance 

30 miles 

30 miles 

30 miles 

Regulation 

6% 

K 0/ 

^ /O 

5% 

Charging kVA 

20 460 

8 750 

1 10 300 

per phase 
Copper losses at 

1 387 

2 023 ” 

2 023 

full load, inkW 
Sheath losses at 

? (take=0) 

? {take=-0) 

202 

full load, inkW 


Copper and 

1 387 

2 023 

2 226 

sheath losses, 

. in kW 




Ditto per an¬ 

1 940 000 

2 840 000 

3 120 000 

num, in units, 
40%• load factor 




Dielectric loss 

918 

394 

.463 

at full load, in 
kW 




Dielectric loss 

8 060 000 

3 460 000 

; 4 060 000 

per annum in 
units, 24 hours' 




load 

Total loss per 

9 990 000 

6 300 000 

7 180 000 

annum, in 

units 





^ Dr. W. Cramp : In the first place, tlie use of single- 
core, lead-covered cables for alternating currents is, to** 
my mind, now a thing of absolute certainty. It is 
perfectly safe to use them even j^r periodicities higher 
than 60. I am in possession (fi figures which show 
that. the loss which the author has allowed in the 
4c2d is really in excess of what he is likely to meet 
with in practice.' I would go further and reassure 
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Mr. Sparks to this extent—that experiments which are 
now being carried out at Birmingham seem to show that 
even in a single-core prmouyed cable the loss is much 
less than is generally* anticipated. The second point is 
that cable makers who have used intersheaths, and who 
propose to use them, seem to me to be omitting one 
important theoretical possibility. It is well-known that 
if a conductor and a partial conductor carry a current 
such as tliis capacity current, a charge will collect at 
the jimction between them, and will disappear directly 
the current disappears. If the capacity current has to 
pass through the metal sheath—^that is to say, if the 
current on the two sides is virtually the same, so that 
the capacity current travels from core to core—^there 
will be a charge on each side of the metal sheath, and 
it may be of very considerable magnitude, in fact 
sufficient, if there are spaces between the wires, as in 
the author’s rings, to set up an ozonizing discharge. 
In any chse there is the possibility of breakdown near 
an intersheath due to that cause. 

Mr. M. Taylor {in reply) : It would seem to be 
true that, as the Electrician remarks, I have not done 
myself justice in the presentation of the facts which 
are enunciated in the paper. I will try to remedy this 
in the reply to the discussion. 

The essential points which can be deduced from the 
data given and on which the paper will stand or fall 
are the following:— 

(1) By employing intersheaths in the manner out¬ 
lined a gain of roughly 100 per cent in the voltage 
appHed can be obtained for a given depth of insulation. 

(2) This enables eitlxer the current density in the 
central copp^ core to be kept constant while the core 
section is hadved, or alternatively (and this is what I 
use in my calculations later) the current density to 
be doubled while the cross-section is reduced to one- 
quarter. 

In the first case half the heat is liberated per foot 
of cable, and consequently, for two single-core cables 
of similar thermal constants (one at 55 000 V, non- 
intersheathed, and the other at 110 000 V, inter- 
sheathed) the thermal gradient is halved, i.e. the 
temperature-rise of the copper is halved. 

(5) In the transition from a three-core non-inter- 
sheathed cable to a single-core intersheathed cable 
th^re is a gain in the thermal gradient—i.e. a reduction 
in the copper-core temperature-rise—of some 60 per cent, 
due largely to there being the heat losses of three cores 
concentrated in the one cable, and in the other that 
of one core only. 

(4) The resistivity gain, due to the reduced tempera¬ 
ture of the central core, would of itself be very 
valuable ; but in the case of intersheath cables 
worked under my proposals the additional gain, due 
to putting those parts qi the dielectric whicli have to 
work under the highest dielectric stress at a part 
of the cable where the temperature is lowest, is very 
great and would amply compensate for any moderate 
loss due tq increase^ capacity current. Incidentally, 
it should also permit Qf working at much higher voltage 
gradients, and hence of still further increasing the 
transmission voltage. 

(6) By the method of working proposed, the capacity 


current at light loads is redxiced to one-third of that 
at full load. 

(6) Tfie increase in the total capacity from core to 
lead sheath (apart from temperature questions), due* 
to the introduction of intersheaths and consequent 
slight increase in diameter of ca-ble, is almost negligible. 
In a case which I have worked out it is only 6 per ceift. 

(7) Above a certain temperature, easily reached in 
practice, the '' leakage conductance loss ** (which de¬ 
pends directly on the resistivity) increases very rapidly 
and outweighs the loss due to increased permittivity 
(i.e. the extra capacity current loss), besides ultimately 
causing the breakdown of the cable. 

In view, of the fact that, in the near future, trans¬ 
missions of a magnitude now only hinted at will cer¬ 
tainly be undertaken, and tliat it is impossible to keep 
on indefinitely increasing the potential gradient in 
three-core cables to meet the new conditions, it is advis¬ 
able—^and will assist true progress meanwhile—^to 
consider now how these transmissions are to be 
undertaken. The present paper was written with this 
object. 

Replying now in detail to the discussion on the paper, 
the most serious criticism is, I take it, that the work 
can equally efficiently be done with, say, five 5.5 000-V 
three-core cables. But those who make this criticism 
have surely overlooked the supreme importance of 
temperature considerations. E.H.T. trunk cables may, 
in emergency, be called upon to carry^ loads far in 
excess of their normal loading, and this may occur 
in the summer time. To neglect this possibility would 
be suicidal.. It is also surely of some importance 
that an unnecessary £60 000 to £75 000 should not 
be incurred in regulators, which lose (in boosting 
by some 20 per cent) from J per cent to perhaps 
f per cent of the whole power of the system. I 
propose to attack the problem from the point of 
view of temperature of the dielectric.^ It is ratlier 
interesting that the latest important contributor to 
this question. Dr. Karl Willy Wagner,* emphasizes 
the drop in resistivity due to temperature as being of 
supreme importance and the probable iilfitial cause of 
all breakdowns. The curves which I exhibited as a 
lantern slide show most conclusively the importance 
of this question of the leakage conductance loss; also, 
how remarkably the resistivity itself, for a given ambient 
temperature, depends on the potential gradient. In 
the paper I have done my own proposals an injustice 
py designing a cable such that the present methods of 
impregnation could be applied to it. As, howe’^cpr, 
there is a reasonable probability of our being able 
almost immediately to obtain cables in which (apart 
from the question of bending, which can be dealt with 
by larger drums and other precautions) it is immaterial 
whether the maximum potential gradient occurs at 
the surface of the central core or on one of the inter¬ 
sheaths, I will take advantage of the gains which my 
proposals really involve, were such a cable immediately 
•forthcoming. Even if, however, I had to fall back on 
the cable shown in Fig, 6 of the paper, my conclusions 
would not be seriously affected. 

* Journal of the American Institute of Electrical Engine&rs, 1022, 
vol. 41, p. 1034, 
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A careful examination of Tables 2 and 3 will show 
that, for practically no more loss than in Table 2, an 
advantage of 50 per cent in the maximum potential 
gi*adient applied to the innermost core (i.e. the hottest 
’ —at time of full load) is obtmned, as compared with 
the gradient of Table 2; also that, in Table 2 itself, 
an advantage of 47 per cent over Table 1 (ordinary 
non-intersheath) is obtained in the E.M.F. absorbed 
for a given tliickness of dielectric. An advantage of 
1*47 X 1 • 60 = 2 • 2 is thus obtained in the E.M.F. 
that can be applied to an intersheath cable, for an equal 
thickness of dielectric—i.e. we may ap^y 2*2 times 
the E.M.F. of transmission for a given maximum poten¬ 
tial gradient next the central core. Unfortunately, 
however, this has, in the six-phase/three-phase system, 
to be discounted by 16 per cent on account of the 
obliquity of vectors. This brings the gain down to 
2*2 X 0-86 =s 1*87 times; which, however, is only 
per cent short of twice. In view of the fact that I 
am going to compare a 66 000-V three-core non-con- 
centric cable with a single-core 110 000-V intersheath 
cable having nearly an inch less diameter under the 
lead sheath (representing a " gift'' of very much more 
than the aforesaid. per cent) it will doubtless be 
conceded as reasonable that, for a round figure, the 
above gain in voltage be talcen as 100 per cent—not 
to mention further gains which I might have drawn 
upon. The three-core cable chosen for the purpose 
of examining Ibhermal gradient is a standard cable 
having 1 • 26 cm thiclmess of insulation both on 
conductor and on belt and measuring 10*9 cm over 
the insulation, in which* the maximum potential 
gradient is 40 kV/cm, the cross-section per core 
beir^ 0*16 sq. in. The maximum potential gradient 
is calculatecf according to Atkinson's method,* which, 

I believe, is generally accepted as being more accurate 
than the ordinary method. The internal diameter of 
the lead sheath^is 10*9 cm, as compared with 8*2 cm f 
for the single-core cable. Had the larger diameter 
been reduced to 8*2 cm the efiect on the maximum 
voltage gradient of the 66 000-V cable would have 
been very serfous. 

Prior to giving detailed consideration to the three- 
core non-concentric cable, let us first compare two 
single-core cables—one (intersheathed) for 110 000 V 
and one (plain) for 66 000 V. It has just been shown 
that the voltage may be doubled for equal thickness 
of insulation.where intersheaths are employed (single- 
core cables being considered); let us, then, examine ^ 
wh^t the doubling of the voltage gives us and, for tlie ^ 
sake of simplicity, ignore capacity current:— 

(1) Half the load current is required. 

(2) The percentage drop may be kept constant. 

(3) The copper cross-section per phase (in the 

110 000-V cable) is reduced to one-quarter. 

(4) The current density is doubled. 

Now, to fix ideas, take the 110 000-V cable of Fig. 1 
of the papery of which the cross-section of copper is 
0*186 sq. in. The cross-section per phase (2 cables 

♦ TranSUctions of the American Institute Qp Electrical Engineers, 
1919, vol. 8S, p. 971. *> # 

•f Based on Fig 1, but modified for 40 000 V/cm. 

VOL, 61. 


are in parallel per phase; see AppWix B) = 0*37 
sq. in. Hence :— 

(6) Copper section per phase on 56 000-V cable 
~ 0*37 sq. in. x 4 (as deduced above) = 1*48 
sq. in. 

(6) No. of cores required in parallel 
(see Note below) 

= 10 cores (per phase). 

= 30 single-core cables (per 3 phases). 

Note ,—^We cannot put more than 0*16 sq. in. into 
the tliree-core cable about to be considered without 
exceeding the potential gradient of 40 kV/cm. 

Now consider that these 30 cables are to be replaced 
by 10 three-core (56 000 V) cables, and compare the 
heating in the two cases. 

The total heat generated per phase in th^ 110 000-V 
cables is obtained as follows, bearing in mind that’ 
2 cables are in parallel per phase on the 110 000-V 
system, and 10 cables on the 66 000-V S 3 rstem.A It is 
simpler to compare 6 cables of one system with the 
one cable of the other system; so let us work it out 
this way:— 

The current density on the one 0*186 sq. in. cable 
works out at approximately 1 000 A per sq. in. (see 
Appendix B), Hence, from the conclusion already 
arrived at, 


Current density in 56 000-V 0*16 sq. in. cable •= 500 A 
per sq. in. 

Now 

1 (60 000 V) core at 600 A per sq. in. and*of 0* 16 sq. 
in. section represents X watts per ft. 

also 


1 (110 000 V) core at 1000 A per sq. in. and of 

0*186sq. in. section represents 4X x watts 
per ft. 

and 


3 (60 000 V) cores at 600 A per sq. in., each of 0*16 
sq. in. section, represent 3X watts per ft. 


But the thermal resistance of the 0* 16 sq. in. tliree-core 
cable is 96*6 and that of the 0*186 sq. in. single-conp 
cable is 82*5. 

(The above thermal resistances are as determined by 
well-accepted methods.) 

Hence the thermal gradient of the 110 000-V cable 
in terms of the 66 000-V cable is: 


4 0*186 


82*6 

96*0 


= 1*42 times. 


Tliis, however, is for 10 cables in parallel and for 600 A 
per sq. in. 

If we work at higher current densities and with fewet 
cables in par^lel (and greater percentage loss) we get 
the following results :— 


The 110 000-V cable is 1*42 timSs hotter, when we 
have ten 0*16 sq. in. three-core cables. 

T^ie^ 110 000-V cable is 0*91 times as hot, when we 
have eight 0*16 sq. in. three-core cables. 


18 
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The 110 000-V cable is 0-61 times as hot, when we have 
six 0*15 sq. in* three-core cables. 

The 110 000-V cable is 0* 22 times as hot, when we have 
four 0*15 sq. in. three-core cables. 

So that, ^;vith even 8 cables, there is a gain of 9 per cent 
to be credited to the single-core intersheathed scheme, 
neglecting altogether the additional advantage that the 
dissipation of part of the (copper) heat nearer to the 
outside of the cable gives us. It may be pomted out 
that an easy calculation shows that the effect of adding 
intersheaths to a non-intersheath cable is to reduce 
^e thermal gradient (in the proportion of 78-9/82-6 
in the case of Fig. 1) rather than increase it, as one 
might possibly imagine. If only 4 cables were chosen 
(equivalent to Mr. Sparks's 6 cables at 40 000 V) the 
2*6 per cent line drop taken in Appendix B becomes 
6*0 per cent, involving 2^ per cent additional loss in 
»the 65 000-V scheme, which, as I have shown else¬ 
where, is equivalent to £194 000 when capitalized; 
beside^ the fact that the innermost insulation is no less 
than 4 times hotter; which factors must work to the 
ultimate destruction of the cable,* 

It only remains to add that my calculations are all 
on a common basis as regards maximum potential 
gradient. Mr. Dunsheath's figures, and probably also 
Mr. Hunter's, are vitiated by the fact that they are 
based on 50 000 V/cm; just 25 per cent more than 
mine. It may therefore be taken that 8 cables are 
necessary for 50 000 kW and 16 cables for 100 000 kW 
against 6 cables with the six-phase/three-phase S 3 ^tem, 
a saving of 10 cables in the latter case (or, say, 
£760 000). , ^ 

Before leaving the subject of the number of cables 
It is as weU to rem^k that all my comparisons in the 
paper are on the basis of maximum potential gradient. 

I am quite familiar with the fact that this has been 
ch^lenged as a criterion of the breakdown strength 
and I have carefully followed all that has been written 
on the subject during the last 2 years. As far as I 
can judge, Mr. D. M. Simons's paper before the American 
Institute of Electrical Engineers f is the most complete 
in^stigation on the subject and his conclusion that, 
^^ough the maximum potential gradient may not 
aetermine the immediate breakdown of the insulation 
when under test, yet nevertheless it probably deter- 
mmes the ull^ate breakdown after a lapse of time, is 
one mth which I fully agree. Although no actual 
breakd^ or deterioration of the insulation next to 
e central core may be visible on opening up the cable, 
y 1 IS undeniable that the atomic stresses must be 
^eater where the potential gradient is greater (with 
^eato hysteresis loss and consequent heating), and 
rt IS also undeniable that the potential gradients follow 
of tliem, ia a uniform dielectric. 

Afr. Hunt» has challenged the soundness of paying 
too smous attention to the cost of energy wasted^ 
the cable, and he suggests that the figure of 0-M. 

«>e commeacementof this 
taken, the itPgument m favour of cooler cahlf»Q nrmw 

voJ Institute of EUcirieal Engineers. 19S2, 


(as an average figure) which I have taken for the cost 
of energy delivered, on only a 40 per cent load factor 
basis, at a substation 30 miles away, is too high. 
Surely Mr. Hunter must know that the official life 
of a high-tension cable is not 16 years, but 26 years ; 
and if I were to reduce the above 0*5d. to 0*33d. 
(involving a minimum figure of 0*16d.) and still w&e 
to say that 1 per cent of lost energy meant £78 000, 
would he be sufficiently optimistic to say that 0*33d. 
was too high, considering the load factor and the point 
of delivery ? Does he suggest that central station 
engineers are wrong when they consider carefully the 
last 1 per cent of the guaranteed efficiency of the plant 
in determining Jhe tenders ? Mr. Hunter is apparently 
very much alarmed by the amount of capacity current 
taken by my proposals, and the consequent energy 
wasted in dielectric loss. I may say at once that I 
anticipate that the, capacity current will be some 80 
per cent greater than with an ordinary type of tliree- 
core cable. The energy loss due to this will not, at 
the most, be more than an additional 0*8 per cent 
of the total power transmitted. Really the total loss 
will be less than half the fulUload loss, because of my 
method of working the transformers and lines in sec¬ 
tions. Perhaps he has overlooked the fact that at 
higher voltages one is bound to get greater capacity 
current than at low voltages, and if he can ever work 
up to 100 000 V with three-core cables he will find just 
the same troubles staring him in the face. I, on the 
other hand, am equally interested about the conductance 
losses in Mr. Hunter's cable^ owing to the high tempera¬ 
tures of the dielectric, particularly in view of the calcula¬ 
tions given on page 236, which show that, even assuming 
in both cases a comparatively cold .dielec;tnc, thefe is 
only a difference of 0 • 26 per cent between the loss with 
my cable at 100 000 V and a 30 000-V three-core cable. 
Had I made allowance for the hotter dielectric in his 
cable, the loss would probably have begn much higher. 
The hotter dielectric, as already pointed out, also 
affects the permittivity, and consequently the capacity 
current. Mr. Hunter has arrived at the conclusion 
that my scheme is not in the slightest liegree practic¬ 
able. I submit that such a wholesale condemnation 
without any definite specification of the reason is unfair 
to the author. I presume that he condemns it on 
account of the alleged complexity of the transformer 
arrangements. This is merely because they are new 
to hm, and, no doubt, in particular the superposed 
major star" arrangement has frightened him. It 
may relieve Mr. Hunter's mind to know that the scheme 
can be equally well carried out, and the voltage of trans¬ 
mission still maintained, without any ** major star " at 
all. The system then simply becomes, at the step-up 
end, three ordinary transformers having the secondaries 
coupled ia double star, whicdi is no more complicated 
than is used daily in conjunction with rotary converters. 
Fig. D shows these new conditions. As regards the 
alleged complexity of the switching, I do not propose 
to do any automatic switching da the high-tension 
side, and if possible no non-automatic, except at times 
of light load. X believe, from a careful gtudy of 
the experiments carded out by Steinmetz and others, 
that we should be simply inviting trouble by having auto- 
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matic switching * on the high-tension side ‘with long 
lines of underground cables. Time will prove^ whether 
I am right or not in this prediction. With regard to 
the suggestion that I should not be allowed to credit 
my scheme with the neutralizing of the capacity current 
and running at unity power factor, I have already 
diealt with this at some length, and if Mr. Hunter 
will refer to the calculations for a single-core non¬ 
intersheath cable at 100 000 V, as given in Appen¬ 
dix B of the papef, and will compare them with the 
calculations for my own cable, given in Appendix B, 
he will find that the total kVA under the two schemes 
is almost identical, which is a suf&cient answer to his 
statement that I have a " greatly increased capacity 
current. ^ 

Mr. Sparks has implied that the cost of *a five-cable 
transmission at 40 000 V would be only half that of 



One hexaLgon considered separately 
Fig. D.—Switchgear arrangement at sending station. 


Note: —The dotted lines between points di, d^ and'ds, re^es<ait conductors 
of no resistance. 


the cables in the six-phase/three-phase system, and he 
must surely be very seriously in error. The prices giverj, 
in^ppendix E of the pdper for ten 30 000-V cables were 
the results of estimates from several of the leading 
cable makers and were compared by me with prices 
of actual cables then in my possession. 

Now the cost of a three-core 0*16 sq. in. cable for 
66 000 V will not be appreciably less than that of a 
three-core 0*26 sq., in. 30,000-V. cable, except for the 
value of the copper saved. (There will in .fact be more 
lead, owing to the greater diameter consequent upon 
the Mgher insulation required.)- The^^^gutes given 
for the latter cable] including joints sind laying, were 
of the qrder of £96 000 per cable per ^ miles. Knocking 
off £12 000 for the reduced copper (including the profit 
on the same)' the price reduces' to £83 000 per cablfe. 


Now the price per multi-core concentric 100 000-V cable 
given in iny table is only £66 000 per 30 miles, hence 
Mr. Sparks wants us to believe that his three-core 
40 000-V cable will cost only £33 000 per 30 miles. There 
is a big jump between £83 OOO and £33 000 and it is not 
likely that the cable malcers, who siihultaneously gave 
prices for the two systems and knew that they were 
going to be compared, would make 6ut the worst case 
that they could for their normal construction of cable. 
On the question of armouring I can assure Mr. Sparks 
that the armouring of the cables can be dealt' with for 
less energy than he proposes to lose in his regulators, 
I expect a great deal less from calculations based on 
Br. Whitehead's experiments and Steinn^etz's figures, 
and Br. Cramp seems to be of the same opinion. As 
regards a " straight" transmission, I submit that in 
the ordinary course of things the 100 000 V-would 
only be required for a point-to-point transmission,/ but 
that where tappings off such a line took place it would 
be quite practicable to step down to, say, 30 000 V 
(or lower) and to carry out ordinary three-phase 
distribution from the tap-point in each district; and the 
change from six-phase to three-phase is easy, simple 
and reliable. If, however; such a step-down is not 
required at the tapping point, a plain “ connection 
substation," which would be quite cheap, could be 
used. Mr; Sparks gives it as liis view that overhead 
transmissions will be largely employed for all point-to- 
point distribution over long distances in tliis country. 
I believe, on the contrary, that with the continued use 
and development of aviation on a big scale there will 
be great danger in fogs from aeroplanes colliding 
with overhead lines, in many qases bringing down the 
latter, not to mention disastrous results to those in 
the aeroplane. Moreover, the cost of overhead trans¬ 
mission is not at all so low as Mr. Sparks imagines. 
Where two lines of towers are required, which I suggest 
is only reasonable on very important transmissions, 
and upon which I.believe even our Arnerican friends 
have decided for such transmissions,’ the difficulty in 
obtaining wayleaves for these lines of towers across 
country will be quite considerable, and some compensa- 
tiori will also be necessary for the strip of land between 
towet and tower wliich is threatened by falling wires. 
The cost per kVA per mile for a 100 0004cW trans¬ 
mission on the lines I am recommending would only 
be Of the order of £0*18, and I remember not so long 
since analysing an important American estimate for 
overhead transmission in which (if my memory serves 
ime right) it worked out to something like £0*2 per 
kVA per mile; so that on such a transmission the cost 
with under^ound cables would be as cheap as 'with 
overhead, and enormously more reliable. 

With regwd to Mr. Highfield's remarks, I gather that 
the area of the 100 000-volt d.c. main to which he alludes 
would, be only 0*126 sq. in. and that the cable would 
really be working under only 60 000 volts between^ 
any part of the core and earth. It would-be interesting 
to know whether this cable has ever been iis^d to carry,' 
say, 160 amperes in the hott^i^”*part of the year for 
several hours, or whether it is merely run at ai low current 
fdehsity. No doubt Mr. Highfield is aware thSlt it haii 
been* known for some time that, with cables in'whreb 
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the ratio dfD is of the order of 0-3 (whidi obtains jn 
e present case), values of the maximtun potential 
gradient greatly exceeding standard values have been 
observed before breakdown occurs—I believe in sQtu e 
cases veiy greatly in excess of the 75 000 V/cm which 
obtains in the present case. On the other hand, it is 
pner^ly accepted that a given d.c. stress is equal in 
breakdown effect to a very much greater a.c. stress 
As regards Mr. Highfield’s comments on my trans¬ 
former arrangements, he is quite correct in saying that 
I could carry out my system perfectly well with one 
three-ph^/six-phase transformer and two three-core 
concentac cables. But I think he has overlooked the 
"^^gement would not permit of 
60 000 volts being exceeded without also exceeding tiie 
mammum potential gradient of 40 kV/cm, whereas the 
rep^tion of the arrangement, in the manner proposed 
in Fig. n, permits of ^/Z times this voltage being 
employ, which of course gives a very great gain. 

• exhibited a lantern slide (Fig. B) show¬ 

ing a <^gram of connections which he suggested would 
pve the same results as my proposal. I am afraid 
he has not ireahzed that his proposal would only 
teansmit single-phase current and is therefore useless. 
He also exMbited a table purporting to give annuallosses, 
in which, by assuming that the dielectiic losses in mv 
system went on undiminished for the whole 24 hours 
he obtamed a figure of 8 000 000 units per annum. If 
Dunsheath will refer again to the paper, he will see 
a my proposed method of regulation involves the 
entoe shutting down of 4 of the 6 cables at times of 

3 200 000, or less than in his own scheme. If, again 
tos number of cables were Increased to 8 (at 60 000 V) 
ae dielectric losses (even at full load) would be greater 
ttan in my system. On the other hand, if he were 
100 000 kW the losses (both copper and 
Jelectac) would be greatly in favour of tL six- 
phase/to^-phase system, and still more so (in the 
^e of the copper losses) if the load factor were better 

w 1^® ^orks his insulation up 

ot-t? regard to Mr. Dunsheath's 

stetement lhat the author implies that the carrying of 

iatf intersheaths is one of the advan- 

tages of the system but that this same advantage can 
be cl^ed for any mtersheath system, I submit most 
poatively ttat this is not the case. It is true that the 
plain tapping system for intersheaths is as effective as 
my own for all mtersheaths nearer to the central core 
• * u which is at half-way potential, but for 

mtersheaths outside this point—and this is just the 


part where they are most needed—the essential differ- 
ence be^een the steaight-tap method and my own is 
that the latter uniformly preserves its load-carrying 
value with undiminished voltage of transmission, 
where^ the other method rapidly falls off in efficiency. 
There IS therefore no inducement to use more than one 
mtersheath. This is the reason why, in the intersheath 
arrangem^t which Ihr. Dunsheath’s firm has patented, 
on y^ one intersheath can be efficiently employed. It 
requires only a very small calculation to see that the 
more mtersheaths we could employ the more effective 
, ®, ®®beme be; also, I would particularly point 

out that m my own scheme the final intersheath can 

.L l®ad envelope, 

X 4 .» mtersheath performs a very valuable 

function, in- acting as a pilot -wire, to cut out the cable 
temporarily before the damage has penetrated into the 
same, and may be used as an emergency connection 
to prevent a complete shut-down where the cable is not 
burnt toough sufficiently to disqualify it totally. 

1 ^ 4 . conditions the said arrangement is equiva- 

^ ^®^? ® cables, on the assumption 

mat the trouble always enters the cable from the outside. 
The outermost lead sheath has also another very 
important function in that it eases the situation at the 
j^unchon boxes, and the nearer it is to earth potential 
me less nsk there is of a breakdo-wn at me junction 
box due to water getting into the latter. No doubt 
m^e IS some truth in Mr. Dunsheam’s Statement that 
intersheatlm may be valuable in redistributing the 
heat—particularly in triple-core cables—but' I must 
totally disagree wim his staWent that "if an inter- 
meath cable were left -wimout the ends connected to 
transformer tappings the results would be quite* as 
good as if they were connected." On tee other hand, 

I mn quite believe mat, Mr. Duusheam being limited 
—from the point of -view of efficiency—to me employ¬ 
ment of only one intersheam, and—from me point of 
view of spac^to even less man one int^heam (owing 
to his determination to put three cores in a given cable), 
he ramer naturally came to me conclusion mat inter- 
t. ^®’^® '’®®^®®®- Wim regard to hfi* Dunsheam’s 
of cable (see Fig. C) and me table of losses 
•wtoch he gives in connection merewith, I may say that 
a«er this table has been corrected in the manupr i have 
^eady indicated the only conclusion I can draw from 
it IS that me loss in the lead sheath -with this type 
of cable is, as I should expect, considerably more man 
jin an ordinary t 3 ^e of cable. 

The remarte of Professor Fleming in reference to 
compressed air are most interesting, but I cannot say 
anything upon this subject, not ha-ving made any 
study of the same. ' 


North-Eastern Centre, at Newcastle, ID December, 1922. 


H. W. Clothier : The paper has two General 
all be in perfect sym- 
^ metal of long trS^- 

mission cables in preference to me use of overhead 

*^® m the initial costs .of 

imulatmg. these conductbrs‘-by suitable grading of 


di^ectric stresses (potential gradient). In these general 
principles switchgear manufacturers, have met with 
some success, ap.d their influence has extended to the 
. transformer terminals and the generator terminals. In 
fact, , metal covering is now a possibility for all con¬ 
nections between , the generator and the load, with the 
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notable exception of the long-distance transmission 
line in cross-country journeys where, in som^ cases, 
the increased cost of ordinary cables makes it too 
expensive as compared with overhead bare lines. These 
general principles have many advantages, e.g. safety to 
life, absence of interference by weather, elimination of 
the vexed problem of protection against lightning, and 
simplicity of maintenance. In fact, I. was informed by 
an eminent engineer engaged upon transmission schemes 
across long distances in India, that, on account of the 
cost of patrol and repair, it was cheaper in the end to 
use high-tension cables than overhead lines. We have 
also the instance of the G.P.O., who are now engaged 
upon putting under ground a great man^ of their long¬ 
distance telephone lines. I think that the author 
should give us the cost of the overhead lines at 30 000 
volts and 100 000 volts, to enable a comparison to be 
made with the cable schemes. I understand that by 
his method of connection there is some reasonable 
prospect of la 3 dng cables at a cost which would be 
little or no more than that of ordinary overhead lines. 
That being so, all that remains is to prove the economy 
and efficiency in operating the system. Wlien one 
comes to examine if in detail, at first sight it seems so 
complex as to be likely to fail to receive that amount 
of welcome which its objects deserve. I have had the 
s^vitches under Scheme B set out in diagrammatic 
form, and I h^d some difficulty in placing all the 
switches and transformers on the schedule. Under the 
major star transformers two sets of eight are given. 

I presume one set is an alternative to the other, but 
I can only find room for three at each end, so I presume 
that one at each end is spare. Comparing the systems, 
ther§ must either be a considerable amount of energy 
lost in S 5 rstem B, or else it is designed for a more liberal 
load. S 3 rstem A has, at each end, 15 X 4 200 kVA. 
= 63 000 kVA, whereas System B has (3 x 7 000 kVA) 
+ (9 X 6 000 kyA) -h (3 x 2 500 kVA), or a total of 
73 600 kVA. Some adjustment of the connections 
would probably be necessary when the requirements 
for automatic protection against faults on the cables are 
investigated. Some scheduled as "isolating switches " 
would need to be automatic circuit breakers. . Possibly 
the principles of self-balance protection could be 
applied to a pair of cables and the hexagon trans¬ 
formers but much complication would arise if we were to 
attempt to cut out one of a pair. I suggest also that 
the switching operations would require very careful 
handling. To close up on a line there would apphar 
to be about 18 distinct switching operations to perform. 

Mr. R. J. H, Beaty: The author has put forward 
a very ingenious scheme but there is one. point with 
which I am not in agreement. The top of the hexagon 
is. connected to the end of one phase of the " major 
transformer," presumably through a balance coil 
although it does not appear to be mentioned in the 
paper. The voltages supplied to the various .cores of 
the cable are consequent voltages, the.bottom of the 
hexagon giving a resultant, not a real earth. A dead 
short-circuit on one of the hexagon transformers might > 
cause a potential difierence of 60 OQD volts • between 
the outer conductor of the cable and earth. I see 
no reason why each hexagon should not consist of one 


three-phase transformer.. The information given as*to 
the behaviour of the dielectric is extremely interesting, 
and I feel that it could usefully*be amplified. 

Mr. G. V. Twiss : As one interested in overhead* 
transmission, nothing would please me more than to 
find available, underground cables suitable for work at 
as high voltages as are possible with an overhead trans¬ 
mission line. Such high-voltage cables would be very 
helpful adjuncts to overhead transmission; not only 
for the bringing of transmissions into tovrns, but par¬ 
ticularly in this country vrhere one has to negotiate 
so many obstacles, such as road crossings, trunk P.O. 
lines, important railways and the like. The arguments 
in the paper are, however, in the main based upon the 
use of 33 000-volt cable to transmit 50 000 kW a distance 
of 30 miles. For such cases, however, tliis voltage is 
not an economic one, as the conductor requires a 
pressure certainly not less than 100 000* volts. To 
transmit this pressure a distance of 30 miles by means' 
of overhead transmission, allowing, as an additional* 
safeguard, two. independent transmission Iines7» each 
carrjdng a single circuit, would cost not more than 
£150 QOO. Thus, based upon the author's* data, we get 
the following comparison :— 

£ 

Using 33 OCO-volt underground cable .. 1 000 000 
Using the author's system of underground 

cable at 100 000 volts . 600 000 

Using overhead transmission at 100 000 volts 150 000 

Thus, whilst the author claims a big saving on ordinary 
underground cables, yet it would only be justified 
where the overhead system could not be tlsed.. It is 
difficult, however, to conceive a case of a 30-mile line 
that is not in the main over open country, for which 
an overhead line is more suitable than underground 
cable, so that the case given by the author does not 
appear to be one of economic practicability. I there¬ 
fore considered the application of the author's system 
to what seems to me to be the practical case, namely, 
that of leading-in off an overhead transmission line 
into a town by underground cable. Apparently, 
however, the proposed, system would involve trans¬ 
formation, necessitating an expenditure at least equal 
to that of ordinary stepping-down, or, alternatively^ 
the overhead line would have to be built on the autltor's 
system, the added cost of which would offset any saving 
due to avoiding stepping-down. I am unable, therefore, 
to see the application of the proposed system to practical 
cases of transmission of the nature which he himself 
cites. Nevertheless, he has clearly put a great amount 
of work and trouble into working out this system, and 
lj.as drawn particular attention to what is achievable 
from the application of the study of dielectrics and 
gradients, and there is much in the paper and the new 
ideas • behind it which will open up new avenues of 
thought and will doubtless be very helpful to the 
electrical industry. . . 

•Mr. A. M. Taylor [in reply) -’Replym^ to Mr. 
Clothier, I regret that at the moment I have not any 
dej^te figures, of the cost of overhead lines, but I 
m^y?say that some time ago I examined the detailed ' 
costs of a very important Arqeiican overhead line, and 
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my recollection is that these were approximately £0*1 
per kW per mile. There was, I believe, a double line 
of towers, as well as drcuits, and the cost of wayleaves 
for the towers was included. In the scheme proposed 
in my paper the cost of the cables, alone, approximates 
to £0*26 per kW per mile. At a very trifling extra 
cost, however, 100 000 kW could be transmitted over 
this line, and the cost in this case would be only of the 
order of £0* 14 per kW per mile; and if it were possible 
to work at 150 000 volts and transmit 150 000 kW 
(as now seems more possible than when the paper was 
read) the cost would be reduced to about £0*1 per 
mile. 

I greatly regret that I cannot fully answer Mr. 
Clothier^s question about the transformers without 
extending this reply unduly. I may state here that 
his remark is substantially correct as regards the ** B** 
system, except that it has (6 X 7 000 kVA) + (9 x 5 000 
xVA) + (3 x 2 600 kVA), or a total of 94 500 kVA. 
The reason for this very large kVA rating is that the 
transfermers are required to work at rather a low leading 
power factor, on account of the large condenser current, 
but, as pointed out in the estimate, if it should be 
found practicable to control the power factor in the way 
indicated in the paper, the requisite capacity of the 
transformers would be greatly reduced. The switching 
operations will, of course, be considerably simplified 
by adopting the arrangement of transformers which I 
have put forward in my reply to the London discussion 
(page 247). Possibly this diagram may sufficiently meet 
his difficulties. 

In reply to IMr. Beaty, the top of the hexagon shown 
in Pig. H ds connected to the end of one phase of 
^e '' major star'' transformer through a balance coil, 
in the way that he presumes. This, however, is not “the 
arrangement that I would naturally choose, but it 
appeared sufficient for the purposes of explanation 
As a matter of fact, I had mth me in London and New¬ 
castle a lantern slide giving the arrangements which 
I should prefer, but there was no time to exhibit it. 

I do not consider that there is any serious point in Mr 
Beaty^s statement that " a dead short-circuit on one 
hexagon transformers might cause a potential 
difference of 60 000 volts between the outer conductor 


of the cable and earth." It is quite easy to prevent 
this. Ifi any case the result would only be momentary 
and the cable should not be damaged by it. I do 
not consider that anything more need be provided 
for in my scheme than an insulation between any 
outer core and earth equal to withstanding 30 000 to 
40 000 volts, if necessary, during emergency conditions. 

In reply to Mr. Twiss, my proposal was not really 
intended to be employed for running across country, 
but has so far been designed exclusively for employment 
on railways. It remains to be ascertained whether 
the cost of running overhead lines across country will 
not be expensive if a duplicate line of towers be in¬ 
stalled, and I ^maintain tliat notliing less than this 
should be done. Wayleaves have to be obtained, not 
only for the sites for the towers but also for continued 
access to these towers with repairing gear; and when 
the big towns are, approached, or even in the more 
densely populated parts of the country between small 
towns, as in Lancashire, Yorksliire, Kent and Surrey, 
etc., it may prove very difficult to get wayleaves without 
considerable expense. Then there is a difficulty which 
I have already mentioned elsewhere, viz. the question 
of aviators flying into the overhead line in fogs or at 
night time, with possibly very disastrous results. Also, 
the question of malicious interference has to be con¬ 
sidered. I have already mentioned in my reply to 
Mr. Clothier that the cost of my system if applied to 
transmit 160 000 kW at 160 000 volts would come 
down to the order of £0-1 per kW per mile. This 
would give interest and sj^ldng fund charges, on a 
30-mile line, of the order of 0»022d. per unit (total 
for whole line). I believe that a combination of the 
overhead system with my system for the entyy into tcfwns 
might not be impracticable, when we bear in mind 
that at least six of the conductors have to be insulated 
for only 16 000 volts to earth and another six for only 
30 000/40 000 volts to earth. I agree ^vith Mr. Twiss 
that my system should only be used where it is inad 
visable or inexpedient to install tlie overhead S 3 rstein. 

If, however, wayleaves can be obtained along the rail 
ways and if the system become common both to the 
railways and to municipalities along tlie line, a very 
difierent aspect will be put upon the case. 


South Midland Centre, at Birmingham, 13 December, 1922 . 


Mr. G. Rogers: The advantages claimed for the 
^w method of long-distance three-phase power trans- 
TO^on put forward by the author are of such an order 
t lat the scheme calls for the most careful attention of 
engm^rs int^ested in the matter. If the saving in 
capital cost of ^e new scheme as compared with^the 
■ to^phase transmission at 30 000 volts bv 

means of three-^re cables is only half that claim^ 
then it seems to me that a Strong case 
out.- To turn to the practical conldera- 
anH ^e scheine connecting up of the transformas 

wonw''^n the sending and receiving ends 

would appear to be rather complex and difficult? J 
should hke to ask the author how he proposes to dispose 


of the inner lead sheath at tlie terminal ends of. his 
^ble. Also, the question of the electric protection of 
tne cable has not been mentioned, and perhaps the 
. author will say whether he has considered this important 
matter. It would appear that tlie usual methods of 
prot^l^n would not apply, and special arrangements 
would have to be devised. 

Forrest; The estimates of possible saving 
o be ^ected by the adoption of tlie autbor^s sj^tem 
as against the use^of ordinary three-core, 30 000-volt 
cables are so great *tliat one wonders whether the esti¬ 
mates QXG based ^ upon really reliable manufacturing 
costs. As far as I am aware there is no cable of the 
type proposed by the author as yet actuaHy made, and, 
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until tlie system has been tried, many people will regard 
these estimates of cost with a good deal of scepticism. 
The superiority of 25 periods over 50 periods for long¬ 
distance transmission has not been dealt with by the 
author and it would be interesting if, in his reply, he 
could indicate what the reduction in the losses would 
amount to if the lower frequency were used. When 
very high potentials and long-distance transmission 
lines are considered, especially when underground 
cables are used, the superiority of a low frequency 
becomes ver^^ marked, and from the point of view of 
dielectric and sheath losses it should be possible to 
produce ‘ a cheaper and more reliable cable with 25- 
period worldng than with 50-period worldng, 

Mr. R. H. Rawll: I should likehio draw atten¬ 
tion to the formula = 27r/ce/sin 0^, wliich appears on 
page 222. The author gives e as the voltage between 
core and intersheath.’' As a concentric ring of insulation 
is being considered, of which the ^capacity c per foot 
length has already been calculated in a previous formula, 
and since is the capacity current flowdng radially 
through this ring, e must be the potential difference 
across this ring and not as stated above. An example 
will make this clear. If the tenth layer of insulation is 
taken, for the sake of argument, the voltage absorbed 
by this layer is (from Table 1, Appendix C) 1 840, which 
is obviously the value of e to be used in the formula 
in question. If, however, e is as defined above, this 
value would be 41 250 volts, i.e. the voltage between the 
core and this layer—a very different thing indeed. 
That the author does not mean tliis latter figure to be 
taken is very obvious fronf a perusal of the calculations 
given, and I merely point out this apparent discrepancy 
in^case others, on substituting the various quantities 
into the Squation, should find a difference between 
their own calculated results and those tabulated. 

Mr, W. J. Line : In the right-hand portion of Fig. 8 
the author proposes to superimpose on the two six- 
phase systems Vliich are linked together, and represented 
by the two hexagons, a 123 000-volt single-phase supply. 
In Fig. 10 et seq. it is similarly proposed to superimpose 
a three-phase* supply at increased voltage (represented 
by the major star ” in the figure) on the three inter¬ 
linked six-phase systems represented by the tliree 
hexagons, and thereby transmit increased power. 
How does this affect the current-carrjdng capacity of 
the cables in the separate hexagons ? It appears to 
me that the proposal must involve more current in 
the lines. Does not this mean that their size must be 
increased ? On page 230 the author points out thai? 
at** light loads the charging current in the line, due to 
its capacity, would be reduced to about one-third of 
its maximum. He proposes also to offset the charging 
or leading current by the magnetizing or lagging current 
of an induction motor or transformer load, and thus 
reduce or eliminate the wattless current to be supplied 
by the station. Now at times of light load, unless the 
reduction took place through the actual shutting-down 
of motors, the lagging or magnetizing current of the 
motor load would not fall ofif in the same way as the 
leading or charging current of the line. ■ An induction 
motor*takes the same magnetizin'^ current whether 
running light or fully loaded. Therefore it appears 


to me that the lagging and leading currents could not 
always be balanced against one another under varying 
load conditions, and at times resonance conditions might 
arise. However, the proposal has the advantage that 
under all the circumstances the generating station would 
be relieved of the supply of some at least, if not all, 
of the wattless current. 

Mr. W. Lawson : The author’s scheme, owing to 
the exhaustive treatment of the details, appears at 
first to be unusually complicated, but this impression 
largely disappears with a fuller grasp of the scheme as 
a whole. In separating the phases, and in the particular 
method of employing intersheaths for the better dis¬ 
tribution of dielectric stresses in the insulation, the 
author has succeeded in designing his cables without 
introducing any condition of working which is-not already 
met with in E.H.T. transmission cables. The really 
novel and debatable feature of the scheme is the author’s 
arrangement of the transformers. Here some comphca- 
tion creeps in with the necessity of having to employ 
a large number of transformers of various primary and 
secondary voltages, but providing there is notorious 
disadvantage in tliis (and such is not self-evident) 
the objection to the scheme on the score of complexity 
is discounted. Since the discussion the author has 
informed me that he proposes to discard the super¬ 
posing transformers, while still transmitting power at 
100 000 volts through the central cores. With this 
modification the scheme will take the form of a triple 
six-phase transformer scheme. The author mentions 
the difficulty of jointing single-core cables having a 
hempen centre. Does he consider this to be more 
serious than the jointing of liis own cables ? A valu¬ 
able feature of the scheme consists in tlfe possibility 
of taking up loads of poor power factor, with a gain 
in efficiency and regulation. I consider, however, 
that the figure of 0*7 which the author has assumed as 
the probable average power factor of the substations’ 
loads is too low, in view of the attention which is now 
being given to the improvement of consumers’ power 
factors. In the comparative costs of 30 000-volt 
and 100 000-volt schemes detailed in Appendix E, 
the costs of trunk cables for the former include laying, 
and excavating and reinstating streets, but apparently 
the cost of this work has not been included in the 
amount given for cables in respect of the 100 OOO-volt 
scheme. I shall be glad if the author will explain this 
point. 

Mr. A. M. Taylor [in 'reply) : Mr. Rogers raises the 
question of the electric protection of the cable. This 
has had some consideration, and I have discussed the 
matter with Mr. H. W. Clotliier, and also indicated in 
the discussion before the North-Eastern Centre (page 250) 
a method of protection which I believe would be quite 
efficacious mthout the use of pilot wires. The problem 
is not nearly so complicated as it appears at first sight, 
l)ut one must first get a thoroughly clear idea as to what, 
the different currents are doing in the two systems. 

In reply to Mr. Forrest, the estimates for the cables 
were given to me by thoroughly reliable* firms, and 
since—^in most cases—the same :ffi:ms gave me estimates 
fo|; ordinary three-core cables, they would not be likely 
to magnify the expense of the latter in their estimates. 
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In reply to Ills question as regards the superiority of 
25 p^ods over 50 periods; it may be said that the 
doubling of the frequency doubles the hysteresis loss 
m the dielectric, and also doubles the capacity current • 
it quadruples the dielectric loss due to capacity current • 
It quadruple the regulation of the line due to the 
cap^ty rise ”; and it also quadruples the lead- 
sheath loss. It is therefore evident that a 25-period 
cable IS mherently much less likely to break down than 
a TO-penod cable, and, if this were the only question 
to be considered, one would say at once that it is most 
unfortunate for long-distance transmission by under¬ 
ground cables that 60 periods has been decided upon 
^ the standard periodicity. It is therefore evident 
that considerably greater distances can be covered with 
2o penods than with 50 periods, also that armoured 
cables can be safely used, with negUgible loss in lead 
sneath and armouring. 

.. Mr. Line - is correct in surmising that additional 
coiy« IS required for the superposed current. It is 
stated in the paper that additional copper to deal with 
this current is placed in the central core at a quite 
r^onable extra cost on the cable. Mr. Line’s statement 
that an induction-motor load takes the same niagnetizing 
^ running light or fuUy loaded, is correct. 

What he has not pointed out, however, is that as the 


hi “Auction motor is reduced, the reduced 
the equivalent of a greatly increased dead 
suffi^f V resistance is of itself quite 

^resonance. There is also^ the 

nSS 'a*-® switched com- 

p tely off and on, and, as they are all in parallel with 

left ma^etizing component of the motors 

tSll to a large reduction in the 

therefore, the move- 

ment is in the nght direction. 

auH with Mr. Lawson's remarks, 

bSoier/*^®^^ ^ scheme 

becomes a. simple one when the superposed maior star 

^ in “uud that Birmingham 

IS particulmly favoured in the matter of power factor 

b^lhtf ^^?^-®°nverter and trSnway load, 

but that even in Birmingham the pure mote-load 
powCT factor is sufiSciently low to fulfil my suggested 

c»too.s. I„ „ply to'to tot rto.a,"'l 

*2!““ ““ “* «xcav»tioa md J 

remakmg the streets, because it presupposes the 

bv^w ^ — cables along the main lines of railway 
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ELECTRIC ARC WELDING APPARATUS AND EQUIPMENT. 

By J. Caldwell, Member. 

i^ciper first received 2ilh July, and in final form nth October, 1922; read before The Institution Xith December, 1922.) 


Summary. 

Xlie intention of this paper is to deal with the physical 
features of the iron arc as used for welding ferrous metalSi 
so far as those features are known, indic||ting some of the 
lacunae in present knowledge; and to describe the general 
types of apparatus and equipment which have been deve- 
loped, illustrated by some examples of each type, and some 
of xecent design which promise well. 

Tlie two branches of the subject are directly connected, 
because the apparatus must conform in its performance to 
th.e conditions of the welding arc and to the requirements 
of tile welder. 

Operating or workshop methods are touched on only so 
far a.s they illustrate or determine, or are determined by, the 
physics of thg welding arc and the practical requirements 
of welding. 

W'orking methods and applications of arc welding have 
been described in several recent contributions to other 
Institutions and Associations, in technical journals, and in 
boolrs, reports, ate. A short list of the more important of 
these within the author^s knowledge is set out in Appendix H 
at tile end of the paper. 


Contents. 

Ol) The state of the art. 
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(3) Direct-current versus alternating-current welding. 
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(6) Current density. 
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Appendixes. 

I. Classification of flux-covered electrodes. 

II. Recent publications. 

III. Experimental results. 

(1) The State of the Art. 

A.rc-welding practice is in advance of theory. It is 
an established fact that good welds can be made on 
any irerrous material if certain conditions are observed, 
and the stand^dization of these conditions has been 
e^a.li>lished for many applications by empirical methods. 
As usually happens in an empirical art, there isi con- 
sidoT'a.ble divergence of opinion on many points which 
can only be reconciled by the establishment of exact 
knowledge. . 

Axe welding was originally tried for repair work, 
eitlier because there was no other method or because 
it was evidently quicker and cheaper than any other. 
It was looked on with suspicion, but when time was of 


I importance and new parts were not readily obtained, 
I the successful use was worth risking and failure did not 
harm the existing position. During the war the con¬ 
ditions favouring such trials were intensified, and the 
generally good results obtained greatly widened the 
applications, developed welding as a regular repair 
process and led to its adoption for constructional work. 

Ship repairers led the way in this empirical develop¬ 
ment, assisted by their wide knowledge of ferrous^ 
materials and methods of joining them up into structures 
exposed to severe, complex stresses. They have had 
the co-operation of electrical engineers, metallurgists 
and chemists, who have investigated the subject, each 
from his own point of view. There has been a certain 
amount of systematic research work, directed, however, 
rather more .to immediate practical results than to 
fundamentals. 

A greater knowledge of the physical foundations of 
the process is desirable as a guide for practical develop¬ 
ment, and as a basis for confidence. If it can be 
demonstrated that this method of uniting steel and iron 
parts gives consistently good results, not inferior to 
the older methods, the saving in weight and labour will 
lead to its adoption as standard practice in lieu of the 
older methods of riveting, screwing and bolting. 

A great deal of work has been done to ascertain the 
electrical conditions necessary for good work, their 
more or less automatic control by suitable apparatus, 
the adaptation of electrode material and fluxes to the 
particular metals to be welded, and the training of 
operators. 

The object of this paper is to endeavour to put the 
results of this work on record, within the limits indicated 
above. The paper does not deal with carbon-arc 
welding, which is well established for certain manu¬ 
facturing work, except to mention some physical faefs 
which have a bearing on the iron-welding arc. 

(2) Iron-arc Characteristics. 

The ph 3 rsics of the carbon arc as applied to lighting 
have been investigated by Mrs. A 3 ^ton in her well- 
known work. Mfeiking allowance for the difference fn 
the behaviour of the electrode materials and the pur¬ 
poses to wKich it is applied, it is assumed that the 
facts established are generally true for metallic arcs, 
afid the iron arc in particular. 

The distinctive characteristic of an arc is that the 
current is . carried by a gaseous or quasi-gaseous con¬ 
ductor composed of gas, vapour, ve^- fine solid particles, 
or a mixture of .such bodies, a<^oss a gap between 
terminals or electrodes which by volatilizajrtiQn or 
disintegration furnish a supply of the quasi-gaseoiis 
conductor. It is therefore essential that one or both 
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of the electrode^ shall be maintained at a temperature 
producing such volatilization or disintegration. The 
gaseous conductor behaves as one having a negative 
temperature coefdcient: high temperature is a con¬ 
dition of its conductivity. The volatilization tempera¬ 
ture is produced by the passage of the current across a 
relatively high surface resistance or contact resistance 
located at the junction of the gaseous conductor and 
the electrode. The electrode in the carbon arc is solid, 
while in the iron (and other metallic) arc it is liquid, 
i.e. molten. This contact resistance appears to be 
related to the volatilization temperature and heat of 
the electrode material, and to require a miniTmim 
current density for any particular electrode material. 
This results in a hxed voltage-drop at the contact surface 
where volatilization occurs. The voltage-drop along the 
gaseous conductor is proportional to its length, so that 
it appears ^to have a definite specific resistance. If 
volatilization takes place at one electrode only, as in 
the direct-current carbon arc, the surface resistance 
and vftltage-drop are lower at the other electrode. In 
the carbon arc the temperature at the volatilization 
surface is higher than at the other, i.e. the positive 
electrode is hotter than the negative. The volatilization 
surface is the seat of the highest temperature in the arc. 

The total votoge-drop between the. electrodes is 
therefore the sum of three terms: two at the contact 
surfaces between the electrodes and the gaseous con¬ 
ductor, and one in that conductor. The surface voltage- 
drops are fixed for any particular electrode material, 
while that of the gaseous conductor is proportional to 
its length. For variations in current, the electrode 
material and arc length being fixed, the contact-surface 
areas and the cross-section of the gaseous conductor 
automatically vary so as to keep the current density 
in each constant. The resistance of the whole arc 
therefore varies inversely with the current passing, and 
the arc is unstable in itself. These statements are 
subject to qualifications, but are at least first approxi¬ 
mations. The conditions of the carbon arc change 
suddenly at a current density which brings the positive 
contact surface (crater) to the edge of the electrode, 
producing the unstable hissing " arc. 

The numerical values of the voltage-drops and some 
other elements have been investigated by Mrs. Ayrton 
f&r the carbon arc in air. For arcs between metallic 
electrodes they are not definitely known. There is 
evidence -that, between iron electrodes of equal size, 
the positive electrode gas-surface develops more heat 
than the negative. Presumably, therefore, it is similar 
to the carbon arc in having a higher voltage-drop at 
the positive electrode. It is known that the total 
yoltage-drop across an iron arc is considerably less 
than that across a carbon arc, and it is probable that 
this lower voltage corresponds to a smaller amount 
of energy consumed in the volatilization of iron com¬ 
pared with that required to volatilize carbon. The 
energy of volatilization is not a question of temperature 
only, different metals, as they have different "latent 
heats of fusion," (feubtless having different " latent 
heats of volatilization," In the special case of carbon, 
volatilization takes place from the solid state, rtf),e 
liquid state l^ing non-existent at ordinary pressures. 


so that the latent heat of a double change of state 
is involved. From calorimeter determinations on 
fuels, tfie heat of vaporization of carbon from the 
solid amorphous state is 3*231 calories per granune, 
or 5 817 B.Th.U. per pound. The temperature of 
volatilization is about 3 600® C. The author is not 
aware of similar data for iron or other metals of high 
melting point. 

Ih the carbon arc the volatilization temperature is 
reached at the positive electrode only, with a drop of 
about 30 volts. Accordmg to Mrs. A 3 n:ton, the volatilized 
carbon is projected from the positive to the negative 
electrode as a " carbon mist." In air some of this 
carbon mist is burnt, with the production of a sheath 
of fiame around the arc proper. Some of it—in arcs 
of normal length—^reaches the negative electrode, on 
which it is deposited. 

It has been rather generally assumed that a similar 
projection of metal ’takes place across an iron arc, from 
positive to negative, but this is not in accordance with 
welding practice. Deposition takes place equally well 
whether the electrode or the work is positive, and at 
least as well with alternating current as witii direct 
current. It may be suggested that the cause of the 
transfer of iron is different from that in the case of 
carbon, but there is at present no ground for supposiug 
that there are different processes to bring about similar 
results. Both cases are covered by the single state¬ 
ment that electrode material is transferred from the 
hotter to the cooler electrode. The question as to 
whether the transferred metal travels in the state of 
vapour, a fine spray, or otlierwise, has been much dis¬ 
cussed, and there are various ophdons. One American 
investigator claims to have proved that it is inethe 
form of drops numbering 30 000 to the ounce, which 
may be called a spray. That there is a definite pro¬ 
jection is certain, for in overhead and vertical welding 
the iron passes against gravity from the electrode to 
the work. Although there is evidence *that more heat 
is evolved at the positive electrode than at the negative, 
the greater mass and conductivity of the work keep the 
temperature below that of the electrodef even with the 
work positive. 

The minimum pressure needed to maintain an iron 
arc is known to be about 16 volts. This covers the 
sum of the two surface resistances and that of the gaseous 
column. The separate values of the three terms are 
not known. As the welding arc is very short, it can 
be said that the sum of the two surface voltage-drops 
is something under 16 volts. This is hot very different 
from one-third of the similar drop in a carbon arc. 
In a carbon-iron welding arc with a J inch diameter 
carbon negative, an arc length of J inch and a current 
of 200 amperes flowing, the total arc voltage is 22, 
If the voltage-drop at the carbon is the same as at the 
negative of a carbon-carbon arc, i.e. about 9 volts, 
these figures indicate that the principal difference 
between the carbon and iron arcs is in respect to the 
voltage-drop at the positive electrode. Probably the 
conditions of a welding arc are analogous to those of 
a " hissing " carbon arc, in which the voltage-drop at 
the positive is less than in a steady 

From these statements it appero |hat there are 
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two very definite openings for research on the welding 
iuc, viz'. (1) In what state does the iron cross the 
arc, and what conditions determine its transit? and 
(2) \Vliat is the distribution of voltage-drop in the 



1‘iti. 1.—Long and short arcs. 


iron arc ? Another is: mat are the quantitetive 
relations of this transfer of metal to the electncal and 

The'i^actical'object of research on 
Iks to determine the conditions which mate the useful 


flux-covered electrodes, as the metai " cups ’’ a little 
above the edge of the covering. 

If the arc is lengtliened much beyond the figures 
given, good welding is impossible. The iron passing 
across the arc bums to oxide, absorbs nitrogen, and the 
deposit is contaminated, permeated with blow-holes, 
mechanically weak, and may fail to unite with the 
metal of the work. The arc length at which this defect 
commences is variously stated as that corresponding 
to from 27 to 30 volts. It is probably lather higher 
for covered electrodes and for alternating curreiit^. ^ 
The fact that good welding can be done only within 
a rather narrow range of arc length and voltage imposes 
another condition on welding equipments, i.e. they 
should not permit of an arc voltage exceeding the maxi¬ 
mum for the deposit of good metal. If an arc is drawn 
beyond this it should be extinguished. Fig. 1 shows 
the appearance of long and short arcs, ancl their effc ct, 
and Figs. 2 to 6 illustrate degrees of peneti^on. 

This condition has to be reconciled with the fact 
that the open-circuit voltage must be in cons^dera e 
excess of the arc voltage to pronde for the 
drop in the steadying resistance or 
to the circuit reasonably stable, and also to permit 

the arc to be struck readily. 

Facility of striking the arc is an important dement 



pjo. 2.-Small penetration. Fig. 3.-Good penetration. 



Fig. 4.—^Good penetration 
of crater. 


transfer of electrode material a maximum. "Useful | 

a ;:^'rS;ves » a i. had ' 

Iwikc the carbon arc, ih . ^ of current across 

a negative resistaaMj^i.e^ voltage-drop. It is 

an arc of fixed length r^u weldmg 

therefore inherently ciJrent propor- 

rlomands the °^i^Ln^of the electrode 

tioned to the size and P ^ equipments 

and the character oi the wor , ,. the current 

aod ke<^mg for minimum welding.am 

The figure of 16 i direct 

voltage-drop « ^®T^odes^d automatic feed of the 
current, bare iron ,voltage is always 

oLlrodo. With » i. iot ^ 

higher, i.e. trom 22 ^ cannot mam^ 

mechanical reason ^a , ^ i inch, correspondmg 

steadily the very to work with a minimum 

to the minimum yWtage, dectrodes appear 

length of about ^ inch. ^ working laagth and 

u SrSrS mLmo th. tm. mo l«.gth «th 


. j id-hVhrtnr rosts of arc welding* \Vhilst 

in the time and labo necessarv, if the 

a sufficient mssate of a -very large 

circuit conditions P®’™‘ coSact'the electrode may 
current at the moment of contact tn 



Pjq 6.—Poor penetration 
(sectiou). 


Fig. 5 .—Good pene¬ 
tration (section). 

stickor " freeze »to the work, 

,veld. which is not is consumed m a rm 
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to the time spenf in changing the electrodes. Fig. 7 
shows photo-micrographs of welds. 

Some experiments designed to throw light on certain 
of the questions raised in this section of the paper, have 
been made by Mr. H. M. Sayers and Mr. Langdon 
Davies at Faraday House and elsewhere. These 
experiments and the deductions from them are described 
in Appendix III. 

(3) Direct-current versus Alternating-current 
Welding. 

Good welding can be done with both direct and 
alternating current. There are preferences, and as 
direct current had the start more operators and others 
were in favour of direct current than of alternating 
current. The best electrical conditions are slightly 
different, an^ there are differences in the actual manipu¬ 
lation, but experience shows that operators who have 
been accustomed to one readily adapt themselves to 
the oth^. It is also the case that flux-covered electrodes 
are essential for alternating current, apparently because 
the lagging effect of the flux and slag maintains the 
necessary temperature during the periodical current 
reversals. The only real difference is that the strildng of 
the arc is rather more difdcult with alternating current. 

A higher open-circuit voltage is required with alter¬ 
nating current. With direct current an arc can be 
maintamed with a minimum of 46 volts (open circuit),, 
but 60 volts is much easier to work with and can be 
taken as the practical figure. A higher voltage permits 
of an excessive arc length and a poor quality of deposit. 

With alternating current the open-circuit voltage 
should be frona 76 to 90 volts. The difference between 
the arc voltage and the open-circuit voltage has, in 
the case of direct current, to be taken up in a steadying 
resistance, while a reactance is used with alternating 
current. There is therefore not so much difference 
in the steadying losses as anight be supposed. It may, 
indeed, be possible to make alternating current more 
ef&cient in this respect than direct current, as will 
appear later in the descriptions of some of the equip¬ 
ments available. The alternating-current arc has a 
lagging power .factor, but the magnitude of this depends 
a good deal upon the steadying and regulating equip- 
meht, and it need not be lower than that of the average 
works induction motor at full load. 

Where it is desired to make use of a general public 
supply for welding, direct current imposes the necessity 
for the use of some form of motor-generator. The 
pressure of the public supply mains is generally 200 
volts or more. To take from such mainQ welding 
c^rents of from 30 to 200 amperes per operator is not 
practicable or economical, for, in addition to^iie waste, 
the large bulk and high cost of the resistances, the open- 
circuit voltage is far too high. Further, public suppUes • 
generally have an earthed neutral, and the earthing 
of the work welded, which is often unavoidable and 
always advisable, canmot be permitted by the supply 
authorities, who also 'fcill not be pleased by the inter¬ 
mittent peak of hundreds of amperes. With an 
al'ternalmg-current supply the voltage reduction requires r 
only a transformer. 


(4) Electrodes. 

The first iron-arc welding was done with bare-wire 
electrodes. These are still widely used, and for some 
kinds of work where strength is not material the 
welds made may be satisfactory. With direct cur¬ 
rent operating on mild steel and wrought iron, fliix- 
covered electrodes provide better results. For welding 
cast iron, high-carbon steels and alloy steels, and 
generally with alternating-current welding, flux-covered 
electrodes are necessary. 

With bare electrodes there is oxidation of the electrode 
itself beyond the arc, and of the weld metal and work 
whilst they are Ijpt. A suitable flux-covering protects 
the electrode beyond the arc, forms a protective slag 
on the deposited metal and work, and reduces the access 
of ^r to the arc itself. The arc length is somewhat 
greater and the current steadier, probably because 
the current is confined to the electrode end, and it 
cannot reach the outside. Manipulation is easier, as 
the arc can be struck on hot slag without any liability 
of the electrode to freeze on;" The deposit from a 
covered electrode on to a flat surface spreads more than 
that from a bare electrode, owing to the fluxing action of 
the slag, thus making a wider union and a neater finish. 

Coated electrodes are essential for use with alternating 
current, probably because the coating and slag conserve 
the temperature during the periodic variations of the 
current. ® 

The flux coating plays a very important part in welding 
high-carbon steels and alloy steels and cast iron, where 
it is necessary to obtain weld metal approximating in 
composition and structure to those materials.. The 
! electrode metal passing through .the arc is cqnsideralfly 
altered in composition; for example, carbon and man¬ 
ganese are burnt, or rather oxidized, by the reducing 
influence of the arc. The flux coating reduces the 
amount of this change, and may impart pr restore the 
desired constituents. Whether this action takes place 
in the arc, or between the flux and the deposited metal, 
or partly in each, cannot be said. In the manufacture 
of steel the reactions between the metal W the llux 
in the furnace are essential parts of the process, and 
the composition of the flux is carefully adapted to the 
product desired. In arc welding, however, the time 
available for reaction is very short. This short time, 
the high temperature and the fine division of the electrode 
inetal passing through the arc,, are conditions widely 
different from those of the steel furnace, and a great 
deal of experiment has consequently been needed to 
arrive at the proper fluxes for different materials. 
In matching any particular steel the composition of 
the electrode and the flux co-operate. The electrode 
metal does not, as a rule, match that of the m^.terial.. 
The work of producing electrode and flux combinations. 
which will make good welds in different materials has 
met with great success. It has necessarily been done 
empirically, as no general principles can yet be 
formulated. # 

In the result, cast iron, manganese steel, nickel steel, 
stainless steel and ,,other special alloy steels ye all 
successfuUy arc-welded by the use of appropriate 
electrodes and fluxes. 
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For most purposes a flux coating of a basic nature 
is desirable, but in some cases it is of an acid descrip¬ 
tion, An aluminium wire or tape is sometimes included, 
and nickel plating is also used. Both these metallic 
additions tend, in diflerent ways, to reduce oxidation 
of the electrode metal, and may also have other eflects. 

The metallurgical and chemical actions of the coating 
and the flux formed by it have to be reconciled with 
other requirements. ' The coating must fuse at a 
slightly higher teniperature than the metal, while the 
slag formed must be very liquid and light so that it 
will rise to the surface before the metal solidifies and 
will spread over the hot weld and so protect it from 
^the- air. The flux should dissolve or reduce the iron 
and other oxides. The glassy skin of cooled slag should 
be easily removed from the welded surface by brushing 
or light hammer chipping, and the coating must be 
sufficiently^ tough and adherent to the electrode to 
withstand transport and handling. In working, the 
coating must fuse evenly without flaking and must 
keep ^evel with the end of the electrode. There is 
usually a little ” cupping,'* i.e. the electrode end is a 
trifle inside the fused rim of coating. Deep cupping 
is, however, objectionable, as a projecting rim of 
fused cositing interferes with the arc striking and mis¬ 
leads the operator in respect to the length of arc. 
Whilst hot the slag is a semi-conductor and the arc may 
be struck on it without any risk of the electrode sticking. 

Intermediate between bare and coated electrodes 
are dipped electrodes, i.e. electrodes dipped into a 
"slurry" of a basic nature. This coating has some 
protective influence 6n the electrode as against oxida¬ 
tion, and reduces spluttering and current fluctuations 
as compared with bare electrodes. It is not a sub¬ 
stitute for flux coating. 

(5) Current Density. 

The current. required for welding depends mainly 
upon the thickness and mass of the parts to be joined. 
It may be said roughly that the dimensions of the work 
determine the current, and the current determines the 
size of the electrode. For each gauge of electrode there 
is some maximum manageable current. If this maxi¬ 
mum is exceeded the electrode fuses far beyond the arc, 
large portions drop, the current fluctuations are wild and 
the larc is turbulent and unmanageable. For coated 
electrodes the maximum currents range from 60 amperes 
fpr Nol 14 gauge to 200 amperes for No. 4 gauge. The 
current densities thus vary from about 12 000 amperes 
per square inch for the smaller, down to about 6 000 
amperes per square inch for the larger. Somewhat 
higher current densities can be used with bare electrodes. 
The American practice, which is chiefly with bare 
electrodes, is to use 10 000 to 12 000 amperes per square 
inch. 

An electrode is capable of welding properly with 
two-thirds or less of the maximum current, so that 
six gauges, i.e. No^ 4, 6, 8, 10, 12 and 14, cover a 
long range of work.^n A current of 200 amperes and a 
No. 4 electrode axe about the manageable maxima 
for hand .welding. Whether automatic welding w^l 
permit of larger values has not yet been determined. 


Automatic arc welding is h^dly beyond the experimental 
stage in commercial service. 

The statement • made above (that the current is 
determined by the dimensions of the work) is subject 
to some qualifications. For example, in making a 
butt weld between two plates, say, f inch thick, the 
edges will be bevelled, forming a V of an angle of about 
60° when approximated. The first run of welding 
must be done with a small electrode, say No. 8, in order 
to get the electrode to the bottom of the V, which must 
be first filled. A second run is then made over the first 
with a larger electrode, and a third may be necessary. 
As the area or width increases, the electrode size and 
current required increase. 

Idx. H. M. ilfiobart, who has taken a leading part . 
in electric arc-welding development and research in 
the United States, says that the largest current which 
can be used makes the soundest welds. Too large a 
current for the thickness and mass of the work burns 
holes in it. 

Welding thin sheet is practicable but has not been 
much developed, possibly because oxy-acetylene and 
resistance welding have a firm hold on tliis class of work. 
Recent experiments, however, promise good results, 
and thin sheet arc welding may prove commercially 
valuable. 

(6) Polarity. 

It is the established practice to make the work positive 
and the electrode negative. This practice seems to 
have originated with carbon-arc welding, the reason 
being that, with a positive,carbon electrode, carbon is 
carried across the Arc ihtp the work, and the weld is 
unmanageably hard. ^ATith iron electrodes the reason 
for making the work positive is that, as 4Uore heSt is 
evolved at the positive electrode, the greater conduc¬ 
tivity of the work is countered and tlie work surface 
raised to the fusing point with a smaller current than 
would otherwise be necessary. The total heating of 
the work, and expansion and other troubles due to such 
heating are reduced. It is exactly analogous to the 
well-known fact that to solder fine work with the 
smallest heat-damage, the soldering bi? should be as 
hot as possible. 

(7) Direct-current Single Welders. 

Output .—^For general-purpose sets, the maximum 
loading is 200 amperes at 60 yolts. This current is 
about as large as can be managed in hand operation. 

Regulation .—is the special problem of the single^ 
welder set. The ideal characteristic for such a machine 
is a flat voltage characteristic from zero up to the full 
current for which it is adjusted, and a very rapid voltage- 
drop with any greater current. A general-purpose 
madiine must have softife means for varying the current 
at which this voltage-drop occurs. To prevent sticldng, 
it is necessary to limit the current on striking the arc» 
It is desirable that current fluctuations caused by the 
unavoidable variations in arc length shall be checked 
and limited. The .requirements may be summarized 
as follows:— 

(1) A drooping*characteristic for any current beyond 
thSft fixed by adjustment. 
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• (2) A uniform voltage for currents up to the set or 
adjusted load, with little or no increase at 
no load. " 

(3) Very rapid regulation to counter the effect of 
arc variations. 

♦The devices employed with more or less success to 
meet these recjuirements can be roughly classiffed 
as follows:— 

(1) Excitation methods. Combinations of self excita¬ 

tion, separate excitatioii, direct and reversed 
series excitation. Special arrangements of 
the magnetic circuit, including pole disposi¬ 
tion, proportions and shapes/^of poles, pole- 
pieces and yokes, calculated to vary the 
armature reaction with different load con¬ 
ditions. External regulators acting on the 
exciting circuits. 

(2) Regulation of speed or torque of driving engine 

or motor by electrical control of governor or 
transmission clutch. 

(3) External regulators controlling resistances in 

the welding circuit, sometimes acting simul¬ 
taneously bn one or more of the exciting 
circuits. 

With those automatic regulations it is always neces¬ 
sary to adjust the field, rheostats to suit the current 



needed for the particular work in hand. The ideal set 
requires only this one adjustment, the automatic devices 
keeping the output at that level. 

Most of the single-welder sets on the market employ 
one or more of the devices classified above, and some of r, 
them.are very complex. Such devices as separate 
exciters and multiple field windings cause a generating 
set to be larger and much more expensive than a plain 
generator of the same maximum output. 

A sufficient rapidity of regulation to counter arc 
irxegul^ties is rather difficult to secure. Magnetic 
flux-changes in fairly massive iron circuits involve 
time-lag, and in^^dive action between different windings 
on the same magnetic circuit has to be allowed for. 
It is doubtful if the generator ca^^be so altered as to 
Control arc fluctuations. An American designer has 
recently found it. necessary to explain his proposals 
for a thoroughly automatic single welder by several 
pages 6f equations culminatihg in deteiminants which 


reduce into cubic equations arid have a forbidding 
appearance. • 

Single-welder sets are generally arranged for mounting 
as. self-contained portable machines, with internal 
combustion engines of the motor-car type, or with 
driving motor, on tnicks or otherwise to suit the users. 

The examples selected for illustration are in use, 
and are typical of the many different machines proposed 
to give characteristics meeting the requirements of arc 
welding by automatic variation of excitation. 

(i) Kmmev type, adopted for the Premier set. The 
connections are shown in Fig. 8. 

A = reversed series winding in welding circuit. 

B « shunt winding, self-excited. 

C = shunt winding, separately excited. 

B and C are wound in the same sense, and A in the 
opposite sense. In series with B and C there arc 
rheostats for the regulation of the welding current. 

(ii) Macfarlam type, adopted for A.W.P, set. The 
connections are as in Fig. 9. 

Four-pole field. 

A = shunt winding on one pair of diametrically 
opposite poles, separately excited. 

B = shunt winding on other pair of diametrically 
opposite poles, self-excited. 



JFig 9.—^Connections of Macfarlanc (A.W.P.) welder. 


A and B are wound in the same sense, and each has 
a rheostat in series for the regulation of welding currenx. 

The pole-piece form, etc., are designed to facilitate 
Armature reaction, giving a result similar to that of a 
reversed series winding. 

The characteristics of this machine with the regulator 
in three different positions are shown in Fig. 10. 

(iii) Wesiinghouse, American. The connections are 
as in Hg, 11. 

A shunt field, separately^excited. 

-»B = reversed series winding. 

C ss commutating winding, 

. D shunt winding, differential. This winding is self- 
exdting while the generator voltage exceeds the 
separate supply voltoger’^as reduced by the 
rheostats; and is reversed and assists the 
series iviriding to liihit the generator voltage 
when striking the arc. 
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A characteristic of this machine is shown in Fig. 12. 
(iv) Split-pole type (General Electric Co,, American), 
The connections are as shown in Fig. 13. 

A = shunt winding, self-excited, on main poles, viz. 

those on the horizontal diameter, 

B = Shunt winding, self-excited, on cross poles, viz. 

those on the vertical diameter. 

C = series winding in welding circuit, on cross poles, 
reversed with respect to the shunt winding. 

The main poles are normally saturated; the cross 
poles are not saturated but provide a path for the 



armature reaction flux, which is assisted by the series 
winding. The series turns are adjustable for different 
welding currents. At a given load the cross field is 
reversed by the sum of the amaature reaction and the 
series 'winding effects. On short-circuit the reverse 
field cancels the main field, gi'ving zero voltage. At 
any load the voltage is proportional to the arithihetical 
sum of the main and cross fields. 

(v) Simple shunt-series combination (Mawdsley and 
others). The connections are sho'wn in Fig. 14. 

A shunt 'winding, separately excited. 

B =* series winding in welding circuit, reversed. 

Some of 'the machines* of this type have pole-pieces, 
etc., designed to facili'tate arma-ture reac'tion. 



Fig. 11. — Connections of Westinghouse (American) welde^. 

With the -two field windings so disposed to have 
considerable mutual^ induction, there is a large rise of 
current during a few''Jiundredths of a second on a short- 
circuit, as sho'wn in Fig. 15. 

General.' —^^A-Tien used as self-contained sets, drive^ 
by engines, belt, or a.c. motors, th^ machines shown 


as having separate excitation require an exciter in 
additio:| to “the main generator. When driven by d.c. 
motors the separate excitation can be given by the 
supply circuit. 

Commutating poles are generally necessary. 



Fig. 12.—^Characteristics of Westinghouse (American) 
welder. 

Entirely lamina'ted magne'tic circuits improve the 
regulating action. The adjustments to suit different 
welding currents are made on one or more of the exciting 
windings. 

An exhaustive paper on “ The Design of Constant- 



Current Generators for Arc Welding," by Mr. K. L. 
Hansen, appeared in the Transaction^ of the American 
Institute of Electrical Engineers, 1920, vol. 39, part 2, 
p. 1357. 

Balancer weldiftg machines, dividing the'supply 
current into motor and welding current, with various 
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arrangements to produce the welding charactenstac, 
have been used, but the general objections to gelding 
direct from a public supply are not removed by their 
use. They are less wasteful than the stabilizing resistance 
needed to take up the difference between the welding 
and the supply voltages. . 4 . 

TExternal field regulation— of automaiuc 
regulators using the welding current to act on the 
generator fields have been proposed, but do not appear 
to be in use. The American Westinghouse Company 
suppHes a “ flat compounded " machine with a panel 
adjustment of the series and commutating wmdings, 
which appears to regulate by armature reaction effect. 


and the series winding is cumulative, not reversed. 
If driven by an engine or an a.c. motor an exciter is 

necessary. . t 

A characteristic curve is shown in Fig. 17. In this 
figure E represents the welding current for which the 
set is adjusted. 



Fig. 14.—Connections of reversed series, separately excited 
welder. 

Regulation by The only example knovm to 

the author is thf, Davies-Soames set. The connections 

are as shown in Fig. 16. , , x. 

A magnetic clutch is interposed between the 
motor and the generator. .There Me 
on the clutch magnet: A, separately . 

aeries with the welding circuit; and C, shunt-exated 

.onnally. Wiping. B 
and C bo^ op^se A. When the weldmg current in 
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Fig 16.—Connections of Davies-Soames m^netic clutch 
welder. 

( 8 ) Direct-current Multiple-welder Sets, 
Generators to supply a number of welders sho^d 
give constant voltage at all loads from zero to the 
simultaneous maximum demand of all the weldera. 
As the fluctuation of load is extremely violent toe 
self regulation must be very prompt. Compoundmg 
should cover the voltage-drop in toe maiM as well M 
toe variation of speed with load 

Separate excitation and a quick-actmg automatic 
regulator in the shunt circuit am ad^ble, and 
cor^utating poles are essential. It will lessen 
risk of mutual interference by the welders if a rather 
higher voltage than 60 is provided. „ 

Multiple welders in general are flat compounded 
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F'ig. 16.—Short-circuit characteristic of reversed senes, 
separately excited welder. 

winding B overpowers that in A the clutch slips. The 
wdding current is adjusted by rheostats m mrcuito A 
and C. Winding C also weakens toe clutch magnet to 
sUpping point if toe generator voltage hecom^xce^ve, 
^e** generator is compound-wonnd. The shu^ 
winding is separately excited from the supply circuit. 

VOL. 61. 


•n /vmperes 

FIG. 17 .-Characteristic (at 70 of Davies-Soames 

magnetic clutch welder. 

machines, with commutating polM. 

for each welder is effected by sppa^te resistances. 

iwMii a solenoid in the welding circmt actmg 

Si caresses, the, pile. The adjustment 
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is by shunts on the solenoid. This machine is 

made as a single or multiple welder. 

One American company makes a constant-current 
series multiple welder, in which the individual welder 
adjustments are made by shunts on the line. 

When welding is not in progress the shunt is short- 
circuited. The machine regulates for constant current, 
and variable voltage, much as a series arc-lighting 
machine. The machine seems only suitable for factory 
use on bench work where the work can be insulated 
and is of a fairly uniform character. 

Performance and Usting.^K satisfactory characteristic 
obtained by the usual method of varying the circuit 
resistance does not prove that a machine will be satisfac¬ 
tory for welding. In welding, the transient effects of 
load variations are important and are not shown by 
the usual tests. The rapid fluctuation of a^ welding 
Joad is a Severe test of commutating qualities. The 
only satisfactory test of a welding set is to make good 
welds with it, using the different current values which 
will be required in actual work. 

Stabilizing rheostats ,—^There is a somewhat general 
opinion among welders that the stabilizing resistance 
in direct-current welding are improved by the addition 
of a certain proportion of reactance. Evidently react¬ 
ance is calculated to reduce the rate of current fluctua¬ 
tion, and particularly to reduce ** sticking on striking 
the arc. Such reactances must be adjustable for 
different welding currents, and obviously must include 
air-gaps. It seems more logical to provide the reactance 
in the generator itself, particularly in the form of | 
armature self-induction. Flux-covered electrodes give 
smaller fluctuations than bare electrodes and at least 
reduce the need for external reactance. 

( 9 ) Welding-circuit Regulation. 

Each welder requires a resistance which he can 
adjust to pass the current required by the work in hand. 
It is generally stated that this resistance should include 
some reactance, as the amplitude of current oscillations 
is thereby reduced. Evidently the reactance should 
also be adjustable to suit the working current. React¬ 
ance probably assists in striking the arc, as it chokes 
down the current-rush on making contact, and adds a 
little to the circuit voltage as the contact is broken. 
Such reactances must have air-gaps, which may be 
adjustable to suit various currents. One device used 
to assist the arc striking is an automatic switch which 
cuts out some resistance as soon as the arc starts. 

These resistances have to dissipate from 1 to 6 kW 
each as long as welding is being done. They are there¬ 
fore more bulky and expensive for their capacity than 
starting resistances and the like which are only in use 
intermittently, and a much more liberal design is 
necessary. They have to be located within reach of 
the welders. It is therefore worth while to pay attention 
to their design in respect to working temperature, 
ventilation, bulk and protection. The grid form is robi^t 
and convenient if ^Jmade with steel units, otherwise 
coils are to be preferred. A tapered resistance, i.e. one 
in which the cross-section is reduced at the successive 
taps, saves material as compared with a uniform sectiCn 
of resistor. Usually the welding lead terminates in 


a plug inserted into sockets connected to the taps. 
Some resistance material could be saved by arranging 
for sections to be connected in paxallel and series 
combinations, but this would require some form of 
controller, with doubtful net saving. A finer adjust¬ 
ment than that provided by the taps is sometimes 
used, and this is advantageous for the finer classes 
of work. Squeeze-up carbon piles are not suitable for 
the resistances, as their resistance changes too 

much with temperature, and they do not give sufiicient 
range. They are, however, fairly satisfactory for fine 
adjustment. Evidently, where welding equipments 
are intended for uniform work, a lesser range of current 
adjustment is needed than where the work is of a varied 
character. 

(10) Alternating-current Sets. 

It may be assumed that alternating current will 
always be taken from a public or works general supply 
and transformed to the welding voltage. Whilst the 
current fluctuations on the supply side will be reduced 
in the transforming ratio, they may still be considerable 
in the view of the supply undertaking. Welding is a 
single-phase load with a lagging power factor, and the 
supply engineer will naturally want to be consulted as 
to the arrangements. If the supply is tliree-phase the 
welding current disturbs the balance of the phases. 
This can be met to some extent whefe a number of 
j welders are in use, by dividing them between the phases, 
or single-phase current can be taken from a three- 
phase transformer by the well-known method of 
connecting the secondaries, in series with one winding 
reversed. This equalizes the currents in the primary 
phases, but in two of them the currents are 60® out of 
phase, one leading, and the other lagging. It is for the 
supply undertaking to decide which is the less objection¬ 
able, and the user should a^ee with them at the outset. 

Alternating-current welding requires* 75 to 90 volts 
on open circuit. The difference between this and the 
arc voltage is taken up by means of a reactance in the 

circuit. ^ 

The equipment for a.c. welding is therefore a trans¬ 
former, to give 76 to 90 volts at the secondary terminals 
on open circuit and to carry the maximum welding 
current required for the work to be done. An adjust¬ 
able reactance takes the place of the resistance used 
with direct currents. 

The capacity of single-welder sets for a full range 
► of welding is 12 kVA. For multiple-welder sets the 
transformer capacity may be less, say from 6 to 8 kVA 
per welder served. 

Whether an 3 rthing is to be gained by using a multiple- 
welder transformer as against a separate transformer 
to each welder depends mainly upon the distribution 
of the welders in the particular case considered. If all 
the welders are in one shop so that the secondary leads 
are short, the saving in transformer cost naay be worth 
while. If they are widely distributed over a large 
factory or shipyard the cost of the long secondary 
leads may easily outweigh the saving on the trans¬ 
formers. Single*<welder transformers may advantage¬ 
ously be designed with an internal reactance which 
reduces the amount of external reactance that has 
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othei'wise to be provided. There may also be a saving 
in the cost of current effected by the reduction^of the 
total iron losses if single-welder transformers are used. 
Each case has to be considered on its own conditions. 
The open-circuit voltage required for a.c, welding 
may, in some working conditions, be dangerous. The 
Home Olhcc has for tliis reason objected to a.c. welding 
in some exposed positions. To prevent this danger, 
apparatus has been devised which reduces the open- 
circuit voltage to 26 volts and also facilitates the striking 
of the arc, 

A fixed reactance does not produce the drooping 
characteristic desirable for arc welding in the sharp 
way necessary; the choke should increas© very rapidly 
if the desired current is exceeded. Several forms of a.c. 
single-welder apparatus are described below:— 

(a) i) nlimiyy transfoymer ,—or a complete range of work 
the output of a single-welder transformer is 200 amperes 
at 60 volts, with an open-circuit pressure of from 75 to 
90 volts, depending somewhat on the class of work 
to be done. This implies considerable internal reactance. 
It is convenient to have tappings at 6-volt steps to allow 
for conductor resistance and for variation in the elec- 


(c) Davies-Soames automatic regulator [Daysohms, 
Ltd}j .—^This apparatus resembles a wound rotor induc¬ 
tion motor. The stator and rotor windings are in series, 
and are of equal numbers of turns. The rotor is free 
to rotate within limits against certain restraints. In 
the no-load position the windings produce nearly co¬ 
axial opposed poles and magnetomotive forces in the 
iron, with a minimum reactance. When current is 




Fig. 19 .—Connections of Davies-Soames automatic regulator. 


passing the rotor tends to rotate in the direction 
increasing the resultant flux and reactance, up to the 
position where the poles are co-axial and the m^eto- 
Ltive forces are added. This is the ^sition of 

maximuin reactance. With 2 -pole windings the angular 

movement from minimum to maximum ^h^® “ 
obviously 180°.. The rotation is opposed by a sprmg. 


•toi 
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F'uj. 18.~Coiinections of Holslag welding transformer 


trodcs and stock metal. An 

sockets to take the electrode p ng is required for enmnt 
adjustment. With this simple 

can be done and the set can be used m any part ot a 
factory, shipyard, etc., where the a.c. 

(b) Hohui weldhig transformer (The A^. g 

and WeMinl Company).-Tl^ 

winding in addition to the primary ^ second^ 

TiSs. which is put on a “XTen 

to the main yokes, and an unwound 

Se lommon yokes with an S 

wdding utiUty. The 

choker tha^ afindependent choker, 

the caremt more eifecu y +hree-nhase supply. 

Sets are made np fo^ one;. ^ ^ W 

A description of the ^. ^tMe of Electrical 

in the TransaeHons of the 
Engineers. 1920. vol. 39. paxt 2, p. 1436. 


azoi 


10 


10 


Amperes 


-w 


“40 


FIG 20 -Characteristic (at 23 ampe^) of Davies-Soames 
liG. -u, automatic regulator. 

, £ wTnich cg ,r> be related and damped by 

Th^minimum choke can be regulated by am 
SSe stqp which hmite the rotor movement m the 

direction giv^by f^^l; the spring is 

|o adjust the reg^OT the 

regulated for choke corresponding to the arc- 

stop is fixed for ^ “^;^euit voltage is that of 
striking current. ^ ^striang t£e arc the circuit 

toe transformer h - totheop^tionof thechoke. 
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that at which the rotor and the spring torque just 
balance, with a very sharp voltage-drop if that current 
is exceeded. This drop is not dependent upon the 
movement of the rotor. As the voltage can only 
increase sensibly with a decrease in the current, a long 
arc cannot be maintained, being extinguished by the 
current-drop. Fig. 19 gives a diagram of the arrange¬ 
ment, a weight 'being shown instead of the spring 
actually used; and Fig. 20 shows a characteristic 
curve of the performance. 

The latest form of this alternating-current arc welder 
embodies the same principle, by which the striking and 
the welding current are separately adj ustable, and con¬ 
sists of a transformer and choke coil in one unit, the 
choke coil being, as before, provided with a dashpot 
and adjustable stops to limit the movement of its 
keeper, and a spring to return it towards zero, which 
will give the full range of 26 to 200 amperes in infinite 
gradation. This unit is arranged for direct connection 
to any alternating-current mains, and as it weighs only 
abou'^3 cwts. and is fitted with castors, it is very easily 
moved about a works. 

Alternating-current welding safety device [Day- 
sohms, Ltd,).—Fig. 21 is a diagram of this apparatus, 



with the connections. • In addition to the main or 
welding transformer there is an auxiliary transformer 
the secondary of which gives 26 volts, and the work 
IS connected to one end of each of the two secondaries. 
The electrode lead passes through a solenoid, the core 
of which pulls on a switch lever. With no current 
passing and the core down, the switch connects the 
electrode to the other terminal of the 26-volt secondary, 
so -^t the open-circuit voltage between the electrode 
and the work or earth is 26. On touching the work 
with the electrode to start the arc, the core is pulled up 
and the switch moved, first to an intermadiate contact 
connecting to the main transformer through a resistance, 
and then to a third contact which cuts out the resistappe, 
the switch breaking from the 26-volt terminal just before 
the third contact is made. The additional resistance 
at the moment c?f striking reduces the cuirent-rush 
and so prevents sticking. When the arc is broken the, 
core drops back and the welding transformer is dis- 


coimected from the electrode. It is understood that 
the Home Office accepts this device as removing the 
shock danger from alternating-current welding. 

(11) Copper, Brass and Bronze Welding. 

As the result of recent research work, three type^of 
electrodes are now available for the purpose of welding 
and depositing non-ferrous metals. 

The perfection of these products to a commercial 
stage represents the latest development in the successful 
application of electric arc welding for construction and 
repair. 

The metal core is of tinned copper, surrounded by 
a flux covering, which adheres firmly to the welding 
rod and does not break away when subjected to trans¬ 
port and workshop usage. This flux covering is of special 
composition to suit the nature of the copper alloy to 
be welded, and produces a powerful reducing atmosphere 
around the work to ensure the deposition of good metal 
in the weld. 

Copper and the various alloys of brass and bronze 
in general use have a very short temperature-range 
between the welding and fusion points, and practice 
is necessary to prevent the metal becoming fluid or 
remaining in a sluggish condition. Care must be taken 
to prevent the parts being welded from being pierced 
by excessive heating. 

The heat conductivity of copper is v^ high, and the 
deposited metal will lose its heat to the work unless 
this is pre-heated to a sufiiciently high temperature. 
Therefore, when using theSe non-ferrous electrodes it is 
advisable to pre-heat the work before starting the 
welding operation. In the majority of cases iloc^ 
heating along the line of the weld is sufficient, and this 
may be applied by a blow-lamp. Whenever possible 
the joint to be welded should rest upon come refractory 
material, e.g. carbon, asbestos millboard, or furnace 
lining material. 

It is not necessary or advisable to hammer the metal 
deposited, as this is perfectly homogeneous and free from 
blow-holes. 

The electric current requires to be regulated according 
to the nature and dimensions of the material to be 
welded. Once this has been ascertained, however, 
the welding operation should be proceeded with sb 
mpidly as possible, when no difficulty will be experi¬ 
enced in welding copper, brass and bronze with entire 
satisfaction. 

^ The author* takes this opportunity of thanldng the 
several firms supplying electric arc-welding plant and 
equipment for granting facilities to gain a knowledge 
of the apparatus described in the paper. He also 
wishes to record his appreciation of the freely offered 
^sistance received from Mr. H. M. Sayers and Mr. 
Langdon Davies,, and the co-operation of Messrs. H. M. 
and F. M. Sayers in contributing Appendix III which 
has revealed the mechanical actions and the functions 
of the flux covering of electrodes, in some respects 
leading up to the determinations of the physical features 
of the yrelding arc. 
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APPENDIX I. 

Classification of Flux-covered ELECXRdtoES. 


Type 

(1) Standard .. •• 

(2) Special tensile A 

(3) Special tensile B 

(4) Cutting 

(6) Overhead .. 

(0) Carbon A . - 

(7) Carbon B .. 

(8) Carbon C .. 

(9) Carbon D .. 

(10) Carbon E .. 

(11) Ifigh-specd stcc 

(12) Self-hardening .. 

(13) Manganese steel.. 

(14) ^Nickel-carbon 

steel « 

(16) Electrode for de¬ 
positing cast iron 

(16) Soft iron .. • • 


17) Stainless |teel 


C.* B. Auel : “ Electric Welding/' T^iansaciions of the 
International Engineering Congress, Paper No. 136. 
^ T.TNrnTTcr * “ P.lprtrir. Arc Weldinsr 'Transactions 


(18) Copper. 

(19) -Brass . 

(20) Bronze. 


Description 

To give a weld strength of 26 
tons per square inch. 

To give a weld strength of 29 
tons per square inch. 

To give a weld strength of 35 
tons per square inch. 

For cutting with the electric arc. 

For welding in an overhead 
position, specially suitable for 
boiler repairs.^ 

To deposit 1*5 per cent carbon 
steel. 

To deposit 1 per cent carbon 
steel. 

To deposit 0 * 75 per cent carbon 
steel. 

To deposit 0*5 per cent carbon 
steel. 

. To deposit 0 • 25 per cent carbon 
steel. 

. For depositing high-speed steel 
on tools, drills and cutters, 
and for reinforcing. Deposit 
adjusted to suit -type of work. 
An electrode providing a hard 
steel deposit. 

Fon depositing 14 per cent 
manganese steel. 

For welding nickd-carbon and 
high-tensile steel. 

Forms a high-quality cast iron 
which flows readily and is 
machinable, but should only 
be used when pre-heating is 
possible. 

For repairing heavy cast-ir^ 
structures which cannot be 
pre-beated: also for work 
requiring a high degree of 
ductility, ^ ^ . 

For welding att kinds ^ stam- 
less steel and iron. Deposits 
stainless steel of highest 
quality. 

To weld and deposit copper, 

■ To weld and deposit the various 
alloys of brass required. ^ 

To weld and deposit the v^ous 
alloys of bronze required, 
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APPENDIX III. 

AN INVESTIGATION OF THE IRON WELDING ARC. 
By H. M. Sayers, Member, and F. M. Sayers. 

The object of the investigations described in this 
Appendix was to obtain some knowledge of the iron 
welding arc, with a special view to some indication 
of the conditions determining the transfer of metal 
from the electrode to the work, ajad the state of the 
metal during the transfer. The experiments have been 
confined to the alternating-current arc at a frequency 
of 60 periods per second, that being the available supply. 

Testing arrangements, —Optical projection is the 
obvious way to examine an arc, both visually and 
photographically, and it permits of some magnification, 
which is essential with the very short arc that produces 
a satisfactory deposit. 

To get the arc in a fixed position necessary for optical 
projection and photographing, an apparatus was wiade 
which resembles a lighting arc lamp. Thfe electrode is 
clamped in a holder on a rack which is fed to the work 
by a series motor through a suitable train of gearing. 
A brake solenoid connected across the arc checks the 
feeding speed when the arc voltage fe low, and vice 
versa, so that the arc length is kept approximately 
constant. There is also a hand-moved regulator in tlie 
driving motor circuit, so that the operator has an inde¬ 
pendent control of the feeding speed and, consequently, 
of the arc length. The " work " is represented by a strip 
of plate clamped to the periphery of a circular table, 
'which is geared to the driving brain asid revolves at 
a speed proportional to the electrode feeding speed. 
The electrode is horizontal, while the " work " strip is 
vertical and part of a cylinder. A long camera is 
” mounted to one side with some freedom for swinging 
about a vertical axis passing approximately through 
the arc, so that the best aspect of the arc can be chosen, 
and small variations in its position followed by the 
observer at the screen end. A shutter rotated by a 
synchronous motor is fitted between the arc and the 
camera lens, and the stator of the motor is rotatable 
about its own axis so that the phase at which the arc 
is imaged can be varied. For photographing purposes 
there is fitted to the screen end of^the camera a plate 
holder adapted fop» use with either a stationary or a 
falling plate. The magnification obtained is about 
4 diameters, and The falling-plate speed such aB to give 
two complete periods (1/26 second), in about 3 inches. 
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electrode end, as the flux covering masks it, suggesting 
that the metal surface is decidedly vHthin the edge of 
the covering. 

Photographed on a dropping plate (with the shutter 
open and stationary) the arc shows as two bright patches 
per period. The width of these patches corresponds 
to about two-thirds of an alternation; and they are 
brightest in the centre, shading ofi to a sharp edge. 
The image of the bright spot on the work crater is 
nearly continuous but is not so bright. 

Observed visually with the synchronous shutter and 
a certain position of the stator, the appearance is not 
materially difierent from that obtaining with no shutter. 
On rotating the stator, i.e. altering the phase of the 
shutter openii^, the blue vapour mass fades and finally, 
for a space centred on a 90* angle from the maximum 
arc size and brightness, the vapour mass disappears. 
The electrode end and the work crater surface are seen 
glowing, and the surrounding slag boiling, the inference 
V'Aing that the arc is extinguished, or the blue vapouV 
mass non-existent, for a definite interval on either side 
of the zero-current points. 

Osdltograww.— OsdUograms have been made, using 
the falling-plate method. The open-circuit voltage is 
approximately sinusoidal. The voltage curve mth the 
arc estabUshed has much steeper sides and a broad tivo- 
peaked maximum. The arc-current curve is a tn^gular 
peak with a base of about two-thirds the duration of 
each alternation. The other third is at zero value T^s 
duration corresponds to the falling-plate Photograph 
of the arc, and appears to mem that the ^ „ 

only while the vapour body is m existence. PresumaWy 
towards the rim of the,crater, me ^ ig interrupted and the arc stops at some 

appears to be of dean, molten “ 1^1 Surroun^ it descent of the voltage, and both are 

th?re is a red-hot rim of matter m ^established on the foUowing reverse nse of voltage, 

molten slag. At the end of the electrode the covemg duration in each alternation 

Sdte steady station at tee rate o fo^ "X^ds^teat of the peak of the .;dtege cu^e. 


so that two periods are obtained on a quarter plate. 
The arrangement permits of spectroscopic observation 
of different parts of the image. 

It will be seen that the position of the electrode 
and work is that of " vertical ” welding. As only 
alternating current is available all tee work has been 
done with covered electrodes, some types of which 
were found to work much better than others. The 
criterion for this work is that with tee mechanical 
feed the arc shall be maintained steadily for the useM 
length of an electrode, i.e. about 16 inches. As this 
is consumed in rather less than a minute there is only just 
sufficient time to observe or photograph when there 
are no interruptions of the arc. 

For recording the arc voltage an^ current curves 
a small oscillograph was made, with a falling-plate 
camera, which gives also two periods on a quarter plate. 

Supply conditions .—The supply conditions were 
adjusted by some preliminary trials until tee deposit 
proved good, and were subsequently kept constant. 
The frequency is 60 periods per second, tee open-circiut 
voltage of the welding transformer about 68, tee stemy- 
ing impedance is partly a choking coU md paj^y a 
resistance, tec electrodes are No. 14 S.W.G. dosety 
wound with asbestos yam coated with a flux expound, 
kindly supplied by Messrs. AUoy Welding Processes, 
Ltd., and the current is approximately 30 

General appear mces.--Obs&iyxo.z the magnified iii^e 
on the screen yith the shutter static^, one s^ that 
the surface of the work is hoUowed and nppled, the 
ripples bdng roughly concentric and movmg outw^ds 
?owiL tef rim^f the,crater. The crater surface 



dr^s at tee icwer edge of tee ele^de, ^ rapid fall of the current. 

iy Loss to the work at frequent intervals. The pate “L tee time of preparing this Ap^n^ no^^ed 

constant form, and <S-Sn sX^^co^ 

electrode end it appears to be of rateer larg small dirert vi P 

than the electrode, and These show a bnght^ne s^^m RTiectrum of iron, 


effect of gravity, it £y the elLode on a screen it seems 

..dU.. law and . 

. or other means of measun 6 


boundary. The colour particles travers- 

there is no appearance of ^ the electrode 

and work surfaces, ^ that of the arc is 

red to orange, or nearly ^ sny colour 

blue, as stated ■'Photogra^J^^t^j^J^ggpy.g 

screen,thearcisfarbrighterte^^J^iJ^g^ 


a thermopile or other means ^ 

This has not, however. T®* obSrvaffons made 

Method of transfer of r**^.2tat « to-the way in 
do not justify any decisive “ectrode to the 

which tee iron is Werred that tee arc 

work. They seem. temperature consider- 

body is chiefly iron vapour at a temp 
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ably above the meltiiig point of the metal. It is 
possible that this vapour body sheathes and m as ks a 
stream of very fine droplets of molten iron, but so far 
noibing of the kind has been observed. The molten 
fiux-covering does visibly pass from the electrode to the 
work in fairly large drops, but, as above stated, outside 
the arc, and below it in this case of vertical welding. 
The current oscillograms are S 3 nnmetrical above and 
below the zero line, i.e. they indicate no difference due 
to the reversing polarity of the electrode and the work. 

It would obviously be easier to observe any such differ¬ 
ence as shown by the arc image with direct curren t, and it 
is recognized that the investigations described are incom¬ 
plete without working on direct-current welding arcs. 

Quantity of deposit —One of the measurements which 
it is hoped to make with the help of the apparatus 
described is the quantity of iron deposited per unit of 
current and time, or per unit of energy in the arc. 
This again should be observed with both alternating 
and direct currents, and with var 3 dng electrode sizes 
and currents. 

The literature of the subject contains a number of 
statements on this point, but they vary so widely that 
one can only suppose that they are made under widely 
varying condiidons and are not comparable. Mr. 
Langdon Davies has kindly furnished some results of 
tests made by him. With a No. 8 electrode and direct 
current he found a deposit of 167*8 grammes per 
kilowatt-hour, the energy being measured at the 
input side of a motor-generator. With alternating 
current he obtained with the same size of electrode a 
deposit of 316-6 grammes per kilowatt-hour when the 
open-circuit voltage of the transformer was 66; ^d 
361-0 grammes per kilowatt-hour when the open- 
circuit voltage was 46. The energy measurements in 
this case also were made on the input side of the trans¬ 
former. As the energy includes the converting and 
transforming losses it is obvious that the deposit per 
unit of arc energy must be higher. The greater weight 
per kilowatt-hour with alternating current is naturally 
due to the fact that the motor-generator losses were 
much higher than the transformer losses. The improve¬ 
ment in depositing efB.ciency due to reducing the open- 


circuit voltage from 66 to 46 of course means smaller 
impedance losses between the transformer and the arc. 
These figures appear to suggest that the deposit per 
kilowatt-hour of arc energy is of the order of 800 
grammes. Measurements with a considerable number 
of current values and electrode sizes will be necessary 
to establish the figure, which is hardly likely to be ^ 
physical constant in any sense. If it is the case that 
the iron is transferred as vapour, then there is a limit 
fixed by the vaporization heat of iron. Having found 
no record of a determination of this quantity, the authors 
cannot say what such limit is. Evidently, however, 
not all the iron volatilized at the electrode is deposited 
on the^ work, and the losses by oxidation, condensation, 
etc., are likely tcyvary to a large extent with the working 
conditions. Thus the oxidation losses should be 
higher with small electrodes than with large, supposing 
giTntlflr current densities, as the ratio of the surface 
to the mass of the vapour or arc body is greater in the 
case of the smaller electrodes and currents. 

It may be observed that one instrumental difficulty 
in measuring the arc energy is that there are no integrat¬ 
ing meters on the market for voltages in the neighbour¬ 
hood of 20 volts, and an integrat^g meter (or the 
integration of voltage and current oscillograms) is the 
only practicable way of measuring the rapidly fluctuating 
energy in a welding arc. 

Conclusion .—^The authors cannot claim to have given 
definite answers to the question : What are the physical 
conditions of the iron welding arc ? They have, it is 
hoped, shown ways by which some partial solution 
may be reached, and, if circumstances permit, they 
hope to pursue the inquiry with improved means 
and thus obtain some results of practical utility, ^^nd 
possibly of scientific value. 

The work described has been done with home-made 
appliances, and under the limitations of a dwelling 
house. With laboratory conveniences and resources 
more definite results might have been •obtained with 
less expenditure of time and labour. 

The authors desire to acknowledge much assistance 
and encouragement from Mr. Langdon Qavies, as well 
as from Major Caldwell. 


Discussion before The Institution, 14 December, 1922. 


Mrs. H. Ayrton: I have been interested to see that 
this paper makes no mention of a back E.M.F. in the arc. 
When I first took up arc work in 1893, and for long after¬ 
wards, the idea that there must be a back E.M.F. at the 
crater to account for the sudden drop of potential there 
w£Cs practically universal. But from my experiments I 
concluded that what was called a back E.M.F. was really 
a resistance—^not, as fhe author calls it, a cdhtact resist¬ 
ance, but the resistance of a thin layer of carbon vapour 
covering the crater. It seemed to me that the ar^i 
exactly resembled the steam that issues from a kettle 
of boiling water; this is true vapour (and therefore 
invisible) only for a v^ry short distance from the spout, 
but further away becdmes condensed by cooling into a 
mist of droplets. In the same way the carbon vapour 
given off by the crater of the carbon arc, which is aC 


the temperature of volatilization, is only true vapour 
while it is near enough to the crater to remain at that 
Hfcemperature. As successive layers of vapour are given 
off, the crater recedes further from the earlier oftes, 
which, at some very short definite distance from it, 
must drop below that temperature and cool into a mist, 
of droplets or particles—^probably the latter. The 
vapour and mist column form the arc proper, sheathed 
in a flame due to the burning of the mist in contact with 
the air. Leaving out of account the small fall of poten¬ 
tial at the negative carbon, the resistance of the carbon 
arc is, on this theory, the sum of the resistances of a thin 
layer of vapour of high specific resistance and of a column 
of mist of much lower specific resistance. In free air 
the cross-sections of the crater, the vapour and the 
mist are all smaller than they would otherwise be, 



owing to the cooling down of their circumferences 
Except for modifications due to this cooling, the current 
alone determines the area of the crater, and this area 
fixes the cross-sections of the vapour and the mist. 
Thus, if there were no circumferential cooling, a change 
of current would, aU other things being equal, produce 
an. exactly proportional change in the cross-sections of 
the crater, the vapour and the mist; and, since the 
resistances of the two fetter axe inversely proportional 
to their cross-sections, the resistance of an arc of given 
length would be inversely proportional to the current, 
and thus the P.D. across it would be constant for that 
length. All this is changed, however, by the skin cooh^^ 
which, by making the resistance of tte arc dittuni^ 
more rapidly than the current incr&sra, gives the 
appearance of a negative resistance, causing the . . 
across the arc to diminish when the current is increased, 
and vice versa. It is easy to see how this happen^ 
Take r as the radius that a cross-section of the arc would 
have if there were no skin cooling. Then the actual 
cross-section is m w) or mr (r-n), where m and w are 
constants. Clearly r-n increases more rapidly than r. 
and therefore »•(»•— n) increases more rapidly than r , 
that is, the actual .cross-section increases more rapi^y 
than it would in the absence of skin cooling. u 
the current is proportional to the uncooled cross- 
section. and the resistance is inversely proportional 
te the actual cross-section. Therefore the resistance 
diminishes more rapidly than the current increases. 
How much of the preceding applies to metal arm 
I do not know, but it is worth while bearmg in 
mind when experimenting with them. With 
to the transfer of material from one electrode to 
another, I have seen this happen in two wa;^ m 
the verticaT direct-current carbon arc. Sometimm 
small pieces break off the positive and drop on to toe 
negative, or break off the negative and are caimed by 
convection currents to the poative. This is acaden^ 
but the second* way is essential. When a fairly short 
arc is suddenly further shortened, a white-hot cap ^ows 
on the tip of the negative carbon, lengthemng it for 
a short time. «If hissing supervenes the cap grows into 
a " mushroom ”; if not, it shortly disappears. The cap 
is mist, condensed by the sudden transference of toe 
tip of the negative from a cooler to a hotter' place. 
For a short time the negative retains the Iowot tem¬ 
perature and toe mist in contact with it condenses. 
Only a short arc has a sufhdently si^p temperatme 
Gradient for this to happen. As the mist was originally ^ 
crater vapour this is a genuine case of transference from 
positive to negative, but it only occurs in the a^ve 
Special circumstances. There is much to be said on. 
the point, but it would be out of place here, pie 
transfer of material with metal arcs is altogether another 
question. Here, as toe author points out, the wponza- 
tion is from a molten metal crater instead of from a 
solid one; in addition, the negative may easily be 
melted under the roasting of the crater, and so rend^ed 
particularly easy of, transference. I would suggest toat 
toe superiority of the short arc in Welding is due p^y 
to toe deep crW toat a short arc always entails, making 
" penetration ” easy, and partly to toe negative being 
melted owing to its proximity to the crater. Wito an 


alternating-current arc S eSih 

than with direct current, because m tfes case a 
electrode is positive in turn they must ^0^ Z 

be all toe time in a molten state, and therefore ea^ly 
Lnsferable. May not this be toe 
Langdon Davies found that an alternat ng 
depiited practically twice as .f be 

direct-current arc? The deposit would probably o 
even greater with more rapid alternations^ M a 
dozen problems lie in this ‘I'l^stion alone^ The auti^^_^ 

paper shows that the metal arc off^ a Messrs 

Lting field for research, and it is to be hoped that Me^rs 
Lvem will be able to continue their careful and weU 
thought-out experiments. Indeed, there is looin 
many investigators in a subject winch 
variil and rich results, both 

Mr H. M. Hobart: Burmg the past 6 yea^ nu 

covered electrodes have been almost 
in this country, and no progress 1^ bren ^ 

the introduction of the bare electrode I ^ . 

the author has made out a very “ork. 

of flux-covered electrodes for the h^hest gr , . 

It is interesting to realize that in this several 

the last 24 hours there have been melted p 
hundred thousand feet of electrodes m 
arc welds, and that during tlie same period 
Tmore or less similar quantity has been used. At 
least 96 per cent of the work in America has been do^ 
S bJe wire, while in Great Britain flux-to^^^ 
electrodes have been almost invariably used. During 
toie p2t 6 years each country has known what tlie 
other Ls bee^ doing, and each has been 
wav in toe comfortable belief that its own-anethod wm 
nrefarable I should like to point out the impottonce 
SrSit tountries keeping in close touch wito one 
another in their researches. For ® j 

welding engineers are already s^bsfied tliat the ube_ of 
the flux-covered electrode is correct m ] Y 

of cases, and, consequently, although toe P^P^ 
instructive it is not nearly as useful as it would ^ if 

S were presented in America. TLn^f 

American authors have shown to the satisfaction of 
Tv^body in America toat the bare electrode 

S preferab^: they say that toe flux 
wito good work and involves greater cost. They als 
sarthat the bare electrode, in the hands of op^ators 
who know how to use it, gives the best resulto. If 
stodied in this country it might be.found that there is 
a field for the bare electrode in arc welding. 

Dr C. Sharp: I should Uke to say. as a member 
of many years’ standing of toe American Institu e o 
Electrical Engineers, toat it gives me very great 
nleasure to attend a meeting of this Institution. I 
Lve never heard a more interesting, a '^®^*®y 
and more instructive paper on 

afl wish to effect a more intimate tie between England 
and America, and to accomplish this result no means 
are more effective than electrical means* 

Mr. O. R. Darling; Some years ago i± was my 
privilege to preside over an Elechflc Welding Rraear<to 
Committee, which was under the au^ices of the Ad¬ 
miralty There I worked with Major Caldwell and 
^ers^and we kept in touch dining the whole period 
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with the corresponding committee in the United States. 
We certainly learned something from them, and I hope 
that they learned something from us. I quite agree that 
international research is very desirable. Very great 
advances have been made during the past few years in 
equipment and similar matters, but we do not seem to 
have got much further towards a proper understanding 
of the*nature of the iron arc. Surely this question of 
fluxing the electrodes could be worked out and proved 
one way or the other. It seems extraordinary that in 
America 90 per cent of the work is done with bare elec¬ 
trodes at a cost much less than that in this country 
where flux-covered electrodes are used. It surely 
should not be difficult to discover whether an equally 
good weld cannot be obtained with bare wire j it is 
only a matter of having welds made by competent 
operators and testing them. A firm which possesses a 
research laboratory could take the two types of elec¬ 
trodes, make welds and test them to see if those produced 
by one method are as good as those produced by the other. 
Again,^no mention has been made of the chemical side 
of the problems of arc welding. I have frequently seen 
welds made by the same welder on two pieces of plate 
cut side by side from a large plate with the same elec¬ 
trodes, but the tensile strength of one weld would be 
about 27 tons per sq. in., while that of the other one was 
only about 19 tons per sq. in. These differences are 
attributed to the presence of sulphur or occluded gases 
but were never properly explained. These points also 
could be cleared up by the research department of a firm, 
with the result that ultimately we should be able to put 
electrical welding on a much better basis, which would 
be all for th^ good of the work. In conclusion, I should 
like to refer to the projection of the material across the 
arc. In the case of an overhead weld the iron rises 
vertically from the electrode and is deposited on the 
work overhead, although the condensed vapour is 
heavier than air. The fact must always be remembered 
when discussing any theories of electrical welding. 
That is, I think, what the author meant when he said 
that there was definite projection. 

Captain J.. WaUis-Jones : The author states 
that owing to the war conditions the use of arc welding 
was very greatly extended, but I think one may say that 
electric arc welding was almost re-invented during the 
War. The paper is an excellent review of the present 
position of the arc with regard to electric welding. 
Further, it indicates the matters upon which further 
investigation is needed. I refer particularly to page 266, 
where the author asks : " In what state does the iron 

cross the arc ? Dr. Elihu Thomson, in a recently pub¬ 
lished article in the Encyclopedia Britannica, gives his 
view on that point as follows i ** In operation the arc 
voltage may be from 10 to 20 volts, an^ the current 
traversing the arc may be from 80 to 200 amperes or 
more. The welding is attended by much splutteriijjg 
and projection of fused and superheated globules of 
iron from the end of the wire electrode towards the cooler 
and heavier masse^^ of the work pieces ; in fact, the 
deposition of metal qa. the work is possibly due to a jet 
of iron vapour from the electrode wire carrying fused 
iron globules as a result of explosive boiling of the 
iron.** The author also asks what is the. distribution 


of voltage-drop in the iron arc, and what are the quanti¬ 
tative relations to electrical and other variables of this 
transfer^of metal. I feel quite sure that we shall get 
some very useful information on these three points in 
the future. The author, later in the paper, refers to the 
use of alternating current, and the danger of shock. 

I think it is not fully realized how very dangerous it is 
under certain conditions to get a shock from a com¬ 
paratively low-voltage alternating current. The Memo¬ 
randum on Electric Arc Welding issued by the Home 
Office Factory Department states that in six years the 
number of fatal accidents from electric shock at 260 
volts or less was 98 on a.c. circuits (one being from a 
welding set), and none on d.c. circuits. As pointed out 
by the author, fortunately at the present moment there 
are at least two devices which automatically limit the 
voltage, so that it is quite safe to weld in even such an 
undesirable place as the interior of a boiler. The author 
also refers to automatic arc-welding machines as being 
barely beyond the experimental stage. There are, how¬ 
ever, two machines at present available, one of tliem 
being designed by the General Electric Company. 
It has an endless electrode, which is moved upwards 
and downwards by means of a motor actuating rolls 
which grip the electrode; the regulation is so perfect 
that the arc has, I understand, been operated for no less 
than 16 hours without interruption. It is claimed for 
this machine that it is very adaptable for welding ^n 
sheet down to, say. No. 26 gauge. Another American 
machine, the Lincoln, automatic arc welder, uses a 
carbon electrode, and the regulation of the length of 
the arc is also controlled by a motor. The traverse 
of the arc over the work is actuated by another small 
motor. I have seen samples of work said to have ]jeen 
done by this machine and they are very go«d, especially 
on thin material. The author refers to the fact that 
welding on thin sheets, etc., has not been very largely 
carried out by means of the arc process, possibly owing 
to the competition of oxy-acetylene welding and resist¬ 
ance methods. I should like to quote one or iwo 
figures of the rate of welding by the Thomson or resist¬ 
ance method. In the case of seam-welcfing two pieces 
of steel plate 0*036 in, thick, at the rate of 6 ft. per 
minute, such a seam 24 ft. long would cost Id. to weld, 
for the energy only, when the cost of energy is taken at 
Id. per unit. In spot-welding sheets of an added thick¬ 
ness of 0-16 in. at a speed of 70 spots per minute, 400 
spots can be welded at a cost of Id. with energy at tiie 
same price. These are fair figures. The very interesting 
^ apparatus which Messrs. Sayers have designed will, I 
feel sure, give much more information in the future 
about the action of the arc. In conclusion, I should 
like to say a few words in regard to the war services 
rendered by the author. While at the Admiralty, owing, 
I. believe, first to the difficulty of getting oxygen for 
acetylene welding, the attention of the authorities was 
turned to the possibilities of arc welding. At that time 
the submarine menace was very serious, and therefore 
anything that could be done to facilitate the repair of 
shipping or to aid in the construction was of the greatest 
national importance. Major Caldwell did much valuable 
work for the Adifliralty; he also visited Ajtn^rxca and, 
in collaboration with Mr. Hobart, did immense service 
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in finding out what could be done to increase the use of 
electric welding. I should like to ask the auttor if 
he would be good enough to present to the Institution 
Library two books wliich he wrote at the time. "Die 
first is " Reports on Electric Welding and its Application 
to Ship Construction," United States Shipping Board 
(Emergency Fleet Corporation), and the other is the 
" Report on Applications of Welding to Ordnance 
Construction.” 

Mr. W. McClelland: As a colleague of the author 
at the Admiralty, I should like first to associate 
myself with Captain Wallis-Jones's remarks in regard to 
the valuable work wliich the author did during the war. 

He set up an organization and trained men all over 
the country, with the result that much very remarkable 
electric welding work was accomplished. As anexampl^ 
a ship came into one of the shipyards very badly holed 
at the bottom, and it was necessary that she should be 
repaired quickly. The ordinary time for repainng that 
ship by riveting would have been 3 to 4 months, but with 
electric welding the ship went out to sea in 3 to 4 w^lm, 
and for 18 months after that crossed the Atlantic to 
and fro regularly without a break. At a later ^age the 
author asasted th.e U.S.A. authorities in regard to the 
development of electric arc wdding for shipbuilding 
purposes. On page 263 he says : " Arc-wdding prac¬ 

tice is in advance of theory.” He knows full well why 
this is so; it was absolute necessity: the development 
during the war was one almost of trial and error-ehmma- 
tion It seems to me that the ideal electrode for welding 
shoiild provide a molten vapour stream enclosed in ^ 
inert gas. The interestinf experiments shown by Mr. 
Sayers this evening demonstrate that with the short arc 
tho molten stream is enveloped in the molten flux from 
the flux-cohered electrode. I think that is a very im¬ 
portant point, and indicates a great advantage ot the 
flux-covered electrode over the bare electrode, I should 
Uke to ask the author whether the experiments referred 
to in Append!* Ill were made with makes of dectrod^ 
other than the AUoy Welding Process electrodes, and, 
if so whether he could tell us what makes and with 
what results.. On page 266 he refers to toe voltage, 
which he considers would produce what nught be terme 
" poroaty ” defects. That again is, I think, a question 
of toe particular electrode used. My experience is that 
this voltage with flux-covered electrodes would be from 
35 to 40. As regards choice of current, it seems to me 
that, apart from the question of general distribution of 
alternating current, alternating-current welitog has 
very few advantages. As to direct-cmrmt versus 
alternating-current welding—I sa,y this with all dcferrac^ 
to toe experiments shown to-night and to what Mis. 
Ayrton has so kindly stated—a.c. 

be so uniform or so consistent in mechanical strength 
as d c welds. Certain tests which were carried out 
some time ago on steel plates with various classes of 
joints showed definitely that toe d.c. weld was muc 
superior to the a.c. weld. With alternating current 
difficulty is someijmes experienced m estabhsmng and 
n^aintaiiiirig toe arc under a pressure of 90 to 100 volts, 
particularly at a low periodicity. The question of a.c. 
shock at this pressure to operators wearing colou^ 
glasses and working on narrow staging at considerable 


heights on the side of an " eartlied ”• ship in dry dock, 
is a serious one, and the automatic a.c. set referred to 
on page 263 appears therefore to be an interesting 
and useful development. With regard to toe generator 
design, I am not sure that the importance of the auto¬ 
matic machinery for toe production of a satisfactory 
weld has not been rather overstated. The author has 
furnished an exceUent statement indicating toe types 
of welding machines at present on the market. My 
experience for shipyard work is that the d.c. multiple 
welding set with a flat-compounded generator giving 
probably 60 to 70 volts when worked by a skilled operator 
produces satisfactory and consistent results. This t 3 rpe 
of machine is in my opinion the simplest and best to use, 
particularly where there is a possibility of extensions to a 
welding system, as with such a set one or many opwa- 
tors can work simultaneously quite satisfactorily. For 
welding work on toe side of a ship in dry dock it is harffiy 
practicable to have a portable automatic 
machine for each operator; toe first cost of such 
automatic machines would be high. „ 

Mr. E. B. Wedmore: Mr. Addenbrooke suggested 
to me’recentiy that had it not been for Ohm we should 
Imow a good deal more about insulation than we do. 
Ohm gave ns a simple law of resistance. We say that 
conductivity is the inverse of resistance, and think that 
we know all about conductivity. I now suggest that 
had it not been for Mrs. Ayrton we should perhaps know 
a great deal more than we do about toe metaffic arc. 
We are tempted to think that Mrs. Ayrton has told us all 
about toe arc, and we cease from making observations, 
whereas the success of the welding industry in toe future 
will depend upon the attention given to tli^ propertes of 
the metallic arc. The author has maintamed in toe 
naper a very proper balance between our interests in toe 
■past and in the future. Whilst bringing to our notice 
details of the development of a large and import^t 
industry, he has devoted a large part of the paper to th^s 
subject of research, and the future rests on research. 
Mr. H. M. Sayers and his son are rnaJ^g a vigorous 
attack, but with very inadequate facilities, on sonm of 
the technical problems urgently awaiting solution. 
A sum corresponding to the saving already effected m 
carrying out any one only of the larger repair ]ote 
whito have been described to us, would provide the 
means for a comprehensive and productive r^esea^h 
which should repay the industry mamfold. I feel sme 
that tire Electrical Research Association would count it 
a privilege to place facilities for co-operative research 
at the disposal of the interested parties. 

Mr. H. M. Sayers: I propose first to show toree 
sUdes in connection with a.c. welding. The first shp^ 
toe supply voltage, approximately sinusoidM, The 
second shoys the voltage across the arc, and it wUbe 
seen that it is very different from the 8^yj°^2?re 
The rise and fall of the voltage are very sharp, and there 
is a double peak. The third slide shows the arc 
The curve is almost triangular, with a very conadwable 
portion of zero current, and if tH® 1^7“; 

imposed on the voltage curve be seen th^e 

triLeular arc peak must correspond to the vaUey 
between the double peaks of the voltage curve. I want 
to point out that the arc makes its own voltage curve. 
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owing to the miriimiim voltage required for the arc 
current. Metal arc-voltage and arc-current curves 
with alternating current always seem to present these 
features. I have made some spectroscopic investiga¬ 
tions upon the question of how the metal is transferred 
across the arc, and I find that at maximum current, i.e. 
when there is a blue luminous arc between the electrode 
and the work, the spectrum is to all intents and purposes 
an iron-arc spectrum, wliich contains a great many bright 
lines with some dark lines, particularly the dark sodium 
D line. At the phase of zero current the spectroscope 
shows other bright lines, i.e. not the iron-arc line. The 
brightest is the sodium J> line. This shows that some 
of the iron is incandescent vapour. If it were wholly 
in a hquid state it would give a continuous spectrum, 
but as it gives a bright-line spectrum, and not a con¬ 
tinuous spectrum, the inference must be that some part 
of the metal i ;5 in the state of gas. The fact that the dark 
sodium line is superimposed on the iron spectrum and 
a bright sodium line appears during zero current shows 
that the flux coating containing sodium produces an 
enveloping sheath round the iron vapour, and probably 
protects it from oxidation. It also, if consider, fulfils 
the very important part of forming a conducting bridge, 
or a bridge which will be conducting as soon as the 
voltage reaches a certain point and prevents the extinc¬ 
tion of the arc during the zero periods. I suggest that, at 
any rate as regards a.c. work, these two functions of the 
flux are of the very greatest importance. With the help 
of Mr. Hamilton Wilson’s tiny tliermopiles I hope to 
explore the temperature distribution in the arc by 
getting radiation measurements in the arc image. As 
to the quantitative relation between the energy installed 
in the arc and the deposition, since*! wrote Appendix III 
I have seen a statement in an American journal of 
the latent heat of vaporization of iron, in terms of 
grammes per unit of energy, from which 1 kWh 
should vaporize some 750 grammes. That is rather 
a lower figure than the 800 grammes which I have sug¬ 
gested. Most of the electrodes used in the experi¬ 
ments described in Appendix III were those of the Alloy 
Welding Processes, Ltd., and the Quasi-Arc Company, 

I have had to give more time to getting workable con¬ 
ditions than to making comparisons between different 
electrodes. 

• P. M. Baker {communicated) : The paper is 

particularly interesting to me as, during the later days 
of the war, I was able to make a few observations in 
connection with welding arcs in the establishments which 
we, of the Ministry of Munitions, set up to train men 
and women as operators for the welding work in which 
the author was then engaged. At that time the view 
was held that in the d.c. iron-iron arc the transfer of 
inetal from electrode to work was an electrical function 
(analogous to some extent to the transfer in an elec¬ 
trolytic cell), and a.c. arcs were not, in consequencei 
favoured, particularly for upright and overhead work. 
We incidentally found that while it was a quite simple 
matter to train otherwise unskilled persons to do reliable 
welding with d.c. equipment in a comparatively short 
time, the work done by operators, trained on an in¬ 
tensive ” system, with a.c. equipment was much roughe? 
and less satisfactory. The author’s investigations and 


experiences seem to show that our ideas as to the force 
propelling the metal across the gap were wrong (we 
never hel& them very strongly), and he seems to favour 
the view that it is a thermal function—the metal travel¬ 
ling from a hotter to a cooler body. I should like to sug¬ 
gest that it may be a function of the difference between 
the masses of the work and of the electrode, respectively^ 
From a scientific point of view this would be an interest¬ 
ing point to investigate, but its practical importance 
is not very great. In connection with single-welding 
d.c. outfits it would be interesting to know whether 
either the excitation or the magnetic clutch method of 
control acts sufficiently rapidly to maintain the arc 
current at an 3 rthing like a constant value. Possibly 
the author in hil reply could give recording-ammeter 
charts for some of these machines. Referring to the 
neat devices used by Mr. Sayers, I suggest that the 
results of his spectroscopic examinations would be of 
value, and the publication of his oscillograms would 
be helpful to tliose who are trying to visualize what 
happens in the a.c. arc. The two shoulders ” wliicli 
appeared on the steeple ” of the current wave seem 
to indicate either a latent-heat effect or a curious 
resistance-temperature variation in the vapours at the 
moment of vaporization or quasi-vaporization of the 
iron. The superposition of the current and voltage 
oscillograms in correct phase relationship, if available, 
would probably help to decide wliich explanation was 
correct. 

Mr. W.= H. Flood {communicated) : The author has 
brought to our notice the successful development of 
electrodes for depositing copper, bronze and brass, and 
I am sure this will fiU a long-felt want, as years ago we 
were asked if we could weld on copper or bronze p*p6 
flanges by the arc process. Now that non-ferrous 
electrodes are available for this purpose, it will be possible 
to carry out quite a large number of repairs which have 
hitherto been next to impossible, e^g. locomotive 
furnaces, copper vats, etc., which must be repaired in 
position. I hope that the author will be able to supply 
us with data on copper welding, and, if possible, show 
some examples of actual work accomplished. As 
regards the various types of plant used and recom¬ 
mended by different concerns, the tendency appears to 
be in favour of alternating current, as the d.c. sets 
described which, I take it, are the best that designers 
can produce, are stated to be more or less complicated, 
and in consequence require a deal of care and skill to 
;^djust in order to extract from them the exacting 
welding characteristics demanded by the metallic arc, 
whereas the alternating-current equipments are simple 
and free from such complications. As electric welding 
is now looked upon as a commercial proposition, the 
plant used must of necessity be quite free from un¬ 
certainty of action and complex adjusting switches, and 
instruments, as the average welder is neither a mechanic 
nor an electrician, and, further, he cannot be expected 
to acquire sufficient knowledge to make delicate adjust¬ 
ments, even though he were so disposed, as in order to 
acquire the art of go5d welding he must devote the whole 
of his time to the business end of the electrode. To 
fit ammeters and' voltmeters to welding sets for the 
guidance of welders is to my mind not only waste of 
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money but-absurd, as the man cannot possibly view 
these instruments when he is paying attention to the arc. 
The same applies to shunt regulators and other hand- 
operated devices which are found necessary in cases where 
motor-generator sets are employed. It is quite apparent 
that the majority of d.c. combinations are only suitable 
fbr single operators, and I doubt very much if any 
shipbuilding or engineering concern would be .prepared 
to install a sufficient number of these sets to meet the 
demand of, say, from 10 to 60 welders, as my experience 
of plant of this description is that the possibility of 
breakdown is always present, and the upkeep of brushes 
and brush-gear is sufficient to put the proposition entirely 
out of court. To install one large uni|t with regulating 
resistances for each welder is equally bad, as the capacity 
of the generator must of ^ necessity be more than double 
that required by the welders, on account of the heavy 
loss in resistances. Further, the cost of low-pressure 
cables between the generator and the various welding 
locations would be a considerable item which no pur¬ 
chaser could afford to ignore. With alternating current 
these difficulties are removed almost entirely, as the 
change from liigh pressure to the welding voltage is made 
by means of static'apparatus, and no further adjustments 
are required when once the correct values are fixed, 
and in a well-known type of welding transformer the 
whole of the regulation required to give the correct 
welding characteristics is embodied in the design, and 
self-contained on one core. I refer to the Holslag 
transformer briefly described on page 263. With this 
apparatus the operator not expected to have any 
electrical knowledge whatever, and, as it is not possible 
to destroy or burn out the windings during, welding or 
wilful means,. the adoption of this welder is a sound 
commercial proposition and should find favour. This 
transformer must not be confused with the ordinary 
transformer and choke-oil combination, as the design 
is quite uniqqp, and means are provided for obtaining 
full control of the correct heat or power required by 
any size or type of electrode, including bare wire. The 
transformer and choke-coil combination is analogous 
to the resistance on direct current so far as regulation is 
concerned, and its use is a step backwards in the progress 
of arc welding, as a separate reactance can only sub¬ 
tract from the voltage of the transformer, and such a 
system cannot supply the voltage regulation correspond¬ 
ing to the current fluctuations in the arc. Oscillograms 
show that were it not for the heavy flux coating on 
certain electrodes, a separate reactance could not hol4 
th« arc at the voltage employed, wluch means that 
there are periods when the molten slag is the only con¬ 
ductor and support for the arc with no iron vapour 
present, and this condition encourages slag inclusion 
which is a very bad feature. Also, the proper variation 
and separation of the voltage factor cannot be obtained 
with the transformer and separate reactance. The 
only regulation obtained is that for constant current, 
whereas the control of power is absolutely essential for 
melting metal efficiently. For correct welding the power 
must be kept constant, and means provided for auto¬ 
matically adjusting the voltage instantly the current 
varies or the arc has a tendency to die out. This is 
called a ** guardian voltage, and is always present 


with the Holslag system and ready to act instantaneously 
when required to support or adjust the power for which 
the apparatus is set. To meet'Home Office regulations 
this set is fitted with a special safety contactor device 
operated by a 26-volt winding, which ensures that the 
operator is protected from all possibility of receiving a 
shock due to tlie open-circuit voltage which is considered 
dangerous. This contactor is operated automatically 
on striking the arc, and drops out immediately the arp 
is broken. It will be readily observed that with ap 
paratus of tliis description there is no limit to the number 
of units which can be installed, as in the* majority of 
cases works have an ample supply of alternating current 
and substantial transformers, and by equally distributing 
the welding sets across the phases the load is balanced 
within limits, and no complexitiesi other than those 
present when the first few sets are put into operation, 
appear. The efficiency of such a system^ is good, and 
as the upkeep of plant is reduced to practically nil I think 
it will he agreed that the alternating-current proposition 
is to-day in advance of any direct-current schema?. 

Lord Angus Kennedy {communicated ): In the 
discussion of the use of flux-covered versus bare metal 
electrodes it appears to me that sufficient stress has not 
been laid upon the important part that the flux plays 
in alternating-current welding by protecting the weld 
from the air. If welders attempt to use bare electrodes 
with alternating current, consistently satisfactory results 
cannot be expected. 

Mr. R. S. Kennedy {communicated ): I consider 
the paper to be an able exposition on plant and materials 
as at present available. On page 258 the author quite 
rightly remarks that the automatic arc welder has not 
yet arrived. My own experience in actual working 
has been entirely with direct current, and we find the 
difierence in temperature of the poles to be a distinct 
advantage. We also find a voltage of 46 on a level- 
compound machine to be sufficient for our work, 
and considerably higher cuiTents than 200 amperes 
can be handled. On the same page the coating of the 
electrode also is referred to ; I prefer a coating that 
fuses at a slightly lower temperature than the iron 
electrode, so that the tip is exposed and the man can 
better watch his work. This is particularly necessary 
in overhead work, I do not consider that the slag 
method is an advantage or that it is necessary with fflUy. 
trained welders. 

Mr. H. Ogden {communicated ): I think that the 
solution of the transference problem lies in the direction 
of a consideration of all the forces acting in the region 
of the arc, for we must admit no m 3 ^tery in the trans¬ 
ference of metal. What are these forces ? First, there 
is gravity and this certainly assists in the transference 
of metal an downward welding, which is thus made 
easier than overhead welding. Secondly, there is the 
n* pinch effect of an electric current and I believe this 
to be important. In induction smelting furnaces the 

pinch efiect causes a rupture in the liquid metal 
when the current density exceeds a certain value. In 
the arc I believe that this efiec? helps to detach drops 
of molten metal from the tip of the electrode acting 
©against the force of surface tension in the molten drops* 
Thus this effect creates drops pi metal which under 
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other forces then travel across the arc to the larger pole. 
The Tnain factor which draws the drops to the work is 
surface tension coupled with a greater vapour pressure 
at the electrode tip than near the more massive work. 
What I have just mentioned deals with the transference 
of the larger drops which in welding can be seen crossing 
from electrode to crater. With regard to other forces 
exerting an action tending in the same direction, there 
is first the condensation of metal vapour on the more 
massive work. Owing to the greater thermal con¬ 
ductivity of the latter, the vapour pressure in its 
neighbourhood must be lower than that in the • 
neighbourhood of the electrode tip, so that the 
conditions are correct for the vapour wind of which 
Mrs. Ayrton spoke and a certain, if small, amount 
of metal is transferred in this way. Another force 
always present is the electrostatic field, about 100 V/cm, 
between the .poles of the arc. The force of gravity 
acfdng on a small drop of diameter r is 32 000 
dynes (approximately). The electrostatic force on the 
same dr^p is r/46 dynes and thus, when r is less than 
0*001 mm, the electrostatic force exceeds gravity and 
these very small drops would invariably travel to the 
larger pole where, owing to the geometry of the arrange¬ 
ments, the conditions are not favourable for the produc¬ 
tion of drops. It has been suggested by Prof. Hudson 
in America that the liberation of occluded gas is instru¬ 
mental in assisting the transference of metal, but this 
does not agree with my observations. A wire freed 
from occluded gas runs smoother and with less splutter 
than one with occluded gas. In the projected arc 
exhibited by Mr. Sayers occasional large drops of metal 
or slag were fiung well to one side. Occluded gas, or 
gas liberated from the heated flux, is probably respon¬ 
sible for such action,, because it must be allowed that 
such gas liberation acts equally in all directions and 
must tend to blow metal away from the work. Another 
view, which at one time held some adherents, was that 
the metal was carried by the current. As the author 
pointed out, metal is transferred from the smaller to 
the larger pole, irrespective of polarity. Further, if 
the current were responsible for the metal transference 
there would be some quantitative relation between 
deposit and current, as in an electrol 3 dic cell. No such 
relationship exists, and so the idea that the metal is 
carried by the current must be abandoned. Finally, in 
my opinion, metal is transferred from the smaller to the 
larger pole chiefly through the action of surface tension, 
local differences in vapour pressure and the pinch 
effect of an electric cxurent all acting together. In a 
second degree it is transferred from the smaller to the 
larger pole by the action of the vapour wind mentioned 
by Mrs. Ayrton, and by the action of the electrostatic 
field on very small drops. Before concluding, I should 
like to refer to the carbon mist mentioned by Mrs. 
Ayrton. Violle * has measured the temperatures in ther 
carbon arc, which he gives as 3 500° C. for the anode 
crater, 2 700^ C. for the cathode, and higher still for 
the arc itself. I belike these observations have been 
confirmed by subsequ^t workers, and so it appears 
unlikely that carbon vapour from the positive pole 
should condense to a solid particle mist in a region**^ 
* Comptes Rendus, 1892, vol. 116, p. 1273. 


of higher temperature than that at which the vapour 
came into existence. The dear space and misty region 
observed *so beautifully by Mrs. Ayrton are probably 
susceptible to another explanation, as similar appear¬ 
ances are observed in the discharge of electricity through 
gases at low pressures. 

Mr* D. T, Smout [communicated) : The paper un¬ 
doubtedly reveals the great divergence of opinion which 
it is possible for those interested in the practice of the 
art to possess. The author has shown, however, that 
good work can be done with many different types of 
plant and equipment. As the skill and reliabiLty of the 
artist is the predominating factor in determining the 
quality of the work executed, it follows that the average 
quality of the wo5c done falls short of the best possible. 
In deciding which type of apparatus and equipment 
is the best, it is therefore necessary first to take the 
human element into Account, and then aim at develop¬ 
ing a plant and system of welding as theoretically sound 
as possible. To conform to tliis principle it is advisable 
to disabuse oneself of the idea that an electric arc welder 
can be at once a combined electrician, metallurgical 
chemist, smith, etc., nor should he be expected simul¬ 
taneously to make various adjustments to plant and per¬ 
form the art of welding. The essential qualifications of 
a welding operator should be the capability of main¬ 
taining a continuous arc 'of. more or less constant 
minimum length, and the possession of the faculty for 
recognizing the phenomenon of burning metal. It is 
well known that with the methods at present in vcgue 
the metal deposited when tljie arc is first struck is 
faulty, owing to the fact that the electrode metal is 
deposited before any crater is produced in the work. 
For good work it is necessary, therefore, to ^epcsit the 
first J inch or so of electrode metal outside the “ V,“ 
and the remainder continuously without sticking and 
restarting. Given electrodes of uniform qual ty, and 
electrical apparatus supplying the correct (Characteristics, 
an operator with the qualifications mentioned above 
is not difficult to find. In considering the question of 
electrodes, irrespective of the type (bare, thir ly coated, 
medium coated or heavily coated), it is necessary that 
for perfect work two conditions must be present. First, 
the quality of the electrode metal, and the quality, 
concentricity and thickness of the coating should be 
uniform throughout the length of the electrcde, subject 
to certain reservations with regard to concentricity and 
thickness of coating. Secondly, the physical conditions 
i qi the electrode in close proximity to the arc should 
remain constant, also subject to certain reservatiojus. 
With regard to the first condition, from personal observa¬ 
tion I have found little trouble on the score of lack of 
uniformity in the quality of electrode metal, but have 
found that many types of coated electrodes leave much 
to be desired as regards uniformity of the coating. One 
well-known type of electrode in particular invariably 
reveals a bad spot about J inch from the commence¬ 
ment, owing to a failure on the part of the manufacturer 
to preserve perfect uniformity in «this respect. In 
depositing this particular electrode the arc is invariably 
destroyed when thi§i bad spot is reached. With* regard 
to the process of covering heavily coated electrodes 
by means of asbestos yarn, I should like to suggest that 
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this method does not tend to preserve the stability of 
the arc. It is well known that when an arc is main¬ 
tained at the end of an electrode coated on half of its 
cylindrical surface only, the axis of the arc is not main¬ 
tained in line with the axis of the electrode, but takes 
up a position away from the coating; it is easily con¬ 
ceivable, therefore, that with an electrode produced 
in the manner criticized the axis of the arc will be de¬ 
flected away from the existing position of the overlapping 
yarn, and will rotate as the coating is removed. This 
phenomenon is referred to in Appendix III. In practice 
the electrode is seldom held normal to the surface of the 
work, and there is therefore a periodic distortion and a 
variation in the virtual length of the^arc, which does 
not tend to give stability. This points to the importance 
of improving the present methods adopted for coating 
heavy slag-depositing rods. With reference to the 
physical conditions of the electrode in close proximity 
to the arc, it is obvious that, owing to the losses in 
the electrode itself and to heat conduction along the 
length of the electrode, the temperature of the wire 
itself must be increasing. In practice the value of the 
marimum current which can be used with any par¬ 
ticular size of wire is limited, at least on electrodes of 
sizes below No. 5 S.W.G., by this temperature-rise. 
In general, for all types of electrodes and in particular 
for bare and thinly coated rods, more efficient work 
would be performed, and tire rate of deposition increased, 
if the wire were tapered so as to reduce this temperature- 
rise. For instance, given a wire 16 in. long, tapered 
from end to end, say fron^ No. 10 to No, 8 S.W.G., it 
will be possible to deposit this with a current of approx¬ 
imately the same value as is at present used with an 
ordinary u^itapered No. 8 rod. The tapered wire 
mentioned would be roughly equivalent to a No. 9 S.W.G. 
untapered rod, and it is obvious that the average current 
density will have been increased without the detri¬ 
mental overheating of the electrode. I should like to 
draw the author*s attention to this matter, as he may 
not be aware that a certain firm is at present carrying 
out investigations with a view to putting tapered wires 
of this descriplion on the market, and his views on such 
a proposition would be of considerable interest. With 
regard to the ideal characteristics necessary in the 
welding circuit, it is important that the whole matter 
be reviewed from what is known of the arc performance 
under high, open-circuit voltage conditions. First, 
from the physical aspect of the subject of metal deposi¬ 
tion by the arc, it appears that the conditions ideal for# 
arc "Stability are those giving constant watts in the arc 
within the limits fixed by the open-circuit voltage 
consistent with the safety of the operator, and excessive 
short-circuit current causing the electrode to '' freeze '' 
to the work. I suggest that, given a momentary con¬ 
dition in the arc when the vapour mass decreases in 
conductivity, it is necessary that energy be supplied 
to maintain the original rate of transference of metal 
across the arc, otherwise the trouble can easily be 
cumulative, resulting in the dying ox\t of the arc. Another 
matter which appears to me to be of great importance 
in considering the stability of the a*c is the ability of 
the apparatus or machine to counteract instantaneously 
sudden arc fluctuations. If it can be accepted that 


there are present in the arc conditions which give rise 
to high-frequency current fluctuations, I would suggest 
that the performance curves of various welding machines 
given in the paper are no guide to the actual ability of 
the plant to maintain a stable arc. The conditions set 
out above in regard to plant, electrode and operator 
call first for plant and electrodes which give a stable arc, 
and the broad characteristics' of the machine are of 
secondary importance, as without stability the results 
of a non-stable arc wipe out all the beautiful points 
which might be claimed for first-class electrodes or 
welding plant. In conclusion, I should like to refer 
Messrs. Sayers to the reference made by the author to 
Mr. Holslag's paper given before the American Institute 
of Electrical Engineers on his welding transformer. 
I would suggest that in comparing their oscillograph 
records with those obtained by Mr. Holslag with his 
transformer, Messrs. Sayers Wi IT find the-reason why 
the stability of their arc was so poor. If they replace 
their welding apparatus by one more suitable, and the 
electrode feeding mechanism by an average operator, 
I can assure them that they will get a more stable arc 
with bare wire. 

Major J. Caldwell {in reply): It has been my 
endeavour in the paper to show that suitable apparatus, 
equipment and welding materials are now available for 
use. The conditions for using these to make good 
welds are known, and whilst these conditions include 
skill, experience and careful use of the apparatus, they 
are not more difficult to fulfil than those of many estab¬ 
lished industrial operations : it is at least not more 
difficult to train a reliable electric welding operator 
than a reliable welding smith. '' 

I believe that the only possible means of permanently 
establishing electric welding as a standard method of 
construction is for the present manufacturers and 
designers of steel structures, with their special know¬ 
ledge and experience as a guide, to indicate how electric 
arc welding, with its recognized advantages, can be 
applied to best advantage to secure satisfactory results 
at competitive cost. 

The statement in the paper with regard to bare and 
fiux-covered electrodes is a reflection of general opinion, 
but my own belief, based on experience with both 
methods, is that bare-wire welds are inferior in strength 
to those made with covered electrodes, and both Lloyd's 
and Admiralty specifications support this. 

Mrs. Ayrton's views in regard to arcs must command 
respectful attention, and I am much gratified by her 
comments and suggestions. Perhaps tlie difference 
between my " contact resistance " and Mrs. Ayrton's 
'' very thin layer of (carbon) vapour " to account for 
the constant term in the potential difference of an arc 
between electrodes of a given material, is not very 
great. If the electrode material is such that it remains 
ffi the state of vapour right across the arc—^which 
seems to be the case^ with iron—contact resistance may 
better fit the facts. I would suggest that in any case 
this constant potential difference ^3 connected with the 
energy absorbed in the vaporization of the material. 
Mrs. Ayrton doubts the real transfer of metal across 
the arc, but, in welding, the work gains Weight and the 
electrode loses weight, Mrs. Ayrton agrees with the’ 
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views expressed in the paper, viz. that there is con¬ 
densation of tlie vapour. The suggestion that welding 
is easier at high frequencies is borne out by some 
experiments at 200 periods per second, which showed 
that the manipulation of the arc is decidedly easier at 
that frequency than at 50 periods. Whether the weld 
is better remains to be proved. 

Mr . Hobart^s suggestion that British and American 
welders should probe to the bottom their difference in 
practice, i.e. the question of bare versus flux-coated 
electrodes, is excellent. It can only be done by research, 
as there are many variables involved in practical welding. 
Mr. Hobart has himself done much to stimulate arc 
welding research in the United States, and Dr. Sharp 
gives rise to a hope that he and Mr. Hobart may do some¬ 
thing on the other side to initiate such combined research 
on. this and other unsolved problems of arc welding. 

Mr. Darlqjg suggests that tensile tests of welds may 
be of value in deciding between bare and covered elec¬ 
trodes, but the example which he gives of the difference 
between welds made by the same welder, with the same 
electrode on the same plate, shows that tensile-test 
results have to be treated with caution. As the result 
of many tests, including tensile tests, both the Admiralty 
and Lloyd*s specify flux-covered electrodes for strength 
welds. I agree with Mr. Darling that there is room for 
research into the chemistry of arc welding, and also 
that there is abundant evidence of definite projection 
of the iron across the arc. Visible drops of molten iron I 
do fall from the electrode on to the work in horizontal 
welding, but they do not weld into the work properly, 
and are generally oxidized. They are more in evidence 
with bare tl?an with flux-covered electrodes. 

Captain Wallis-Jones’s statements as to the costs of 
the resistance welding of thin material are very welcome. 
Spot and seam resistance welding are well established as 
valuable manufacturing processes, but there are occasions 
when arc welding on thin material is of value because 
the work is not accessible to a resistance welder or there 
is not enough of it to justify making a suitable macliine. 

I have already sent to the Institution Library the two 
Reports mentioned by Captain Wallis-Jones, and I have 
to him for his generous remarks on my work at 

the Admiralty. 

I am glad that Mr. McClelland has stated so clearly 
the advantage of flux-covered electrodes in providing 
a sheath of inert gas or liquid slag surrounding the 
molten or vaporous iron. As regards the relative merit 
of a.c. and d.c. welding, a good deal has been done 
since the date of the tests mentioned in determining the 
practical conditions for making a.c. welds, and my 
present opinion, as stated in the paper, is that intrin¬ 
sically there is little or nothing to choose between the 
two methods. The striking of the a.c. arc is a little 
more troublesome until the knack is acquired. The 
voltage mentioned by Mr. McClelland for bare iro?ti 
electrodes seems very much on the high side, if he 
means the voltage across the arc. In the automatic 
welder exhibited at Olympia by the B.T.H. Co. it was 
noteworthy that th^ voltmeter across the arc gave 
a very constant reading of only 16 to 18 volts. 
Undoubtedly the electrode material has an influence 
on the voltage-range consistent with sound welds. 


Mr. Wedmore’s offer of the assistance of the Electrical 
Research Association is noted with thanks, and it may 
possibly be accepted in the future. 

Mr. Sayers’s oscillograms show very clearly how the 
arc characteristic makes its own voltage curve, and the 
spectra described appear to prove the value in a.c. 
welding of a flux coating which provides conductiiffe 
vapour of lower temperature than that of the iron, and 
therefore acts as a bridge across the current inter¬ 
missions. 

The reference to the vaporization heat of iron is to be 
found in a paper * by Mr. J. W. Richards, which gives 
the value of 1 110 calories per gramme for the latent 
heat of vaporization of iron, and the boiling point of 
iron as 2 698® (alDS.). The latent heat value corresponds 
to 781 grammes evaporated per kilowatt-hour. 

In reply to LIr. Baker, oscillograms of the d.c. welding 
arc current show variations much too rapid for either 
excitation or clutch regulation to follow. The inclusion 
of some reactance in the stead 3 dng resistance greatly 
reduces the amplitude of these rapid variations. 

Mr. Flood quite rightly considers the successful arc 
welding of bronze and copper to be a very important 
development. In this branch, again; practice is ahead 
of theory, and I cannot at present supply more data. 
A number of samples of work accomplished were on 
view at the meeting, and can be seen by anyone suffi¬ 
ciently interested to communicate Ttitli me. Mr. 
Flood’s views on the advantages of a.c. versus d.c. 
welding plant are quite sound, but, as the discussion 
shows, there is a considerable body of adverse opinion 
in respect to the relative quality of a.c. and d.c. welds. 

Mr. Kennedy thinks that the electrode coating should 
fuse at a lower temperature than the iron.^ It shoflld 
not be much lower, or the electrode will oxidize at the 
exposed tip. On the other hand, it should not be much 
higher, or the electrode will " cup ” deeply, unless tlie 
covering disintegrates instead of fusing. This disin¬ 
tegration actually occurs with some flux compositions 
and is easily seen witli the projection apparatus. 

Mr. Ogden’s discussion of the mechanism of the 
transfer of metal across the arc raises mote points than 
I can deal with in this reply, but on the whple I think 
it favours the view that a difference of temperature 
between the electrode and the more massive work is 
a necessary and even the chief condition of the transfer. 
The electrostatic force is certainly one factor to be 
considered, I agree with him that tlie explosion of 
^occluded gas is not the cause. The drops passing to 
the side of the arc as seen in the projection are certayily 
masses of molten flux. 

Mr. Smout’s suggestion in regard to the tapering of 
electrodes is new to me, and there would have to be 
dear proof of considerable advantage in working to 
justify the extra cost of manufacture. His critidsm 
of the instability of the arc as shown by Messrs. Sayers 
can be met by the statement that the supply conditions 
at the Institution were not altogether favourable. In 
their own test-room it is quite usnal for an entire 
electrode to be consumed without any interruption. 

I feel that the ^aembers of this Institution are best 

♦ TtansacHons of the American Electrochefnical Society, 1008, 
vol. 13, p. 447. 
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qualified to assist in the development and to appreciate 
the considerable future of electric axe welding, jiot only 
as an addition to the load factor of power supply under¬ 
takings, but also as an outstanding example of the 
industrial usefulness of electricity. 

The question of unemplo 3 nnent very materially 
affects members of Idle Institution, and I therefOTe 
welcome the reference made by Mr. Baker and wt. 
|ffr.iAiiand to the training of electrical weld^. Electric 
welding has been advocated for the following reasons : 

(1) It effects repairs which would otherwise have been 

impossible. 

(2) It provides water- and oil-tight^jointures. 

(3) It increases production in the manufacture and 

erection of steel structures, owing to the speed 
of working and the ease with which unskilled 
labour can be utilized to secure maximum 
strength. 

(4) It settles labour disputes by provi^ng another 

metliod of construction and repair. 

(6) It provides employment for disabled Service men. 


In addition to the training of welding operators at 
the Royal Dockyards, shipyards and engineering 
by the Admiralty, facilities were provided towards the 
end of the war by the Ministry of Munitions at Lough¬ 
borough, Birmingham, Acton and Bradford .for the in¬ 
struction of discharged soldiers to a limited extent. It 
was proposed to increase the capacity of these training 
centres and to incorporate a much larger scheme 
ing Glasgow and Newcastle. I very much regret that 
this proposal was shelved on the cessation of host^ties 
and as I cannot think of any craft at which proficiency 
can be secured so quickly, I submit that the nmtter 
should receive more consideration now by the Mina^ of 
Labour, and for my part I would gladly hand them 
the information which was prepared for the purpose 


In conclusion I am pleased to acknowledge tha,t the 
important points in the paper have all <toawn mfor- 
mation and criticism from qualified contributors, and 
I hope that the interest shown is indicative of speedy 
future progress in both the theory and practice of 
electric arc welding. 


ADDRESS TO THE LONDON STUDENTS’ SECTION. 
By C. H. WORDINGHAM, C.B.E., Past President. 

(Address delivered before the London Students’ Section, lO/A Hcventbrr. 1922.) 


It gives me; great pleasure once more to adless 
you. Probably none of those present to-mght have 
heard the addresses which I have given to Section 
of the Institution on previous occasions, but 1 wu, 
none the les§, try to avoid repeating what I have 

^^Most^o^ those present are in the habit of listening 
to a large number of lectures on scientific and techmtal 
questions delivered by extremely able profe^ors, and, 
instead of endeavouring to emulate them, I propose 
to speak rather of engineers than of engineering. 

It is now some 35 years since I passed from the. 
Student to the Associate Member class. As one gets 
. older, and sees the younger men with their feet 
set on the long ladder which one has traversed oimseH, 
one is filled with sympathy for them and a 
to help them by pointing: out the rotten th 

places where an alternative ladder presents itself, an 
the narrow plank in space that must sometimes be 

Most often youih is impatient and resents any 
attempt at interference with its <wn judgment, ^ut I 
must risk this possible hostility arxd do my hes acc g 

*°(Se ofthe greatest temptations which besets thosd 
who study science is a tendency to -cocksuteness and 

VOL. (51. 


a contempt for those who, in the earher times m winch 
they lived, were ignorant of present-day kiiowledge 
and achievement. The purely scientific nm is prone 
to formulate theories, to test 

and then to speak of them as ascertlimed taths. The 
young student is impressed with what 
the triumph of intellect, and is mtoler^t of those 
who are somewhat sceptical of the new-found 
and who cUng rather to what these old-fashi<med 
people regarded as eternal verities, matters on wtecl 
tee young student is often ill-informed, and whid 
he is apt to dismiss as contemptible trash which cai 
have no place in his intellectual and scientmc mnd. 

In successive years one sees examples of this attitud 
of miud in meetings of the British Association, tea 
curious conglomeration of picnickers, some of whon 
are in-the forefront of science, some ultra-saentifi 
in a Pold of microscopic extent, and many of whom 
are of tee gullible general public, open-mouthed to 
swallow any modem wonder at its face value, ha^g 
barely a smattering of scientific knowledge. Year 
by year we are treated to elal^rate speculations as 
to tee origin of things, or are tbld teat i^ with all 
his attributes is. merely a, cleverly made maclune. 
Newspaper articles solemnly warn the churtees that 
they must reconsider, their position, as though the 

. 20 
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speculations reported were ascertained facts. Next 
year some' other learned pundit brings forward some, 
other wonderful theory and the discredited one of 
the year before is forgotten; once more the newspaper 
takes up its cocksure attitude as to all old-fashioned 
ideas being exploded. One and all of the speculators, 
however, forget to explain where the actual origin 
came from and who designed the clever machine. 

Another aspect of modern conceit is in respect of 
modern invention. I am second to none in my ad¬ 
miration of the cleverness, perseverance, and hard 
work devoted to the making and perfecting of modern 
inventions, but I do feel a very serious doubt as to 
whether mankind is really the better or the happier 
for nxany of them. The vast majority of modern 
inventions are devoted to speeding-up things; the 
bicycle enabled a man to move faster than he could 
by running;. the motor easily outstripped the bicycle, 
.and the dying-machine the motor. The result is that 
everyone by the use of these machines can do more 
in a giyen time than he could before their advent. 
Is he better in health or happier in mind for the facilities 
he possesses ? Is it not a fact that the speeding-up of 
things has increased the number of nervous breakdowns, 
a disease unlmown I suppose to our grandfathers, 
and has made the lives of many one long round of 
incessant, anxious work ? The telegraph, the telephone, 
the railway, the ocean liner, all marvellous instances 
of human ingenuity, have the same tendency, and in 
addition they have taken much of interest out of the 
world by bringing all the more important towns to 
one dead level so that travel has lost most of its interest. 

The much <yaunted printing-press, while undoubtedly 
effecting an enormous amount of good, has of late 
years had much of this good discounted by rendering 
possible the daily and weekly newspapers (I do not 
refer to the technical journals) which consist chiefly 
of a mass of garbled statements, such statements 
having little relation to truth and being generally 
paid for by a political party or by people with axes 
to grind or things to sell. No sensible person will 
ever place the slightest reliance on anything which 
he reads in a newspaper published at the present day, 
without independent corroboration. 

Probably, without exception, each one of my audience 
hafe by now classed me as a gloomy or foolish pessimist, 
as a reactionary idiot, or an old fossil in his dotage— 
I do not mind. 

Adnnttedly I have given you only one side of the 
picture, and I further admit freely that I always travel 
by the fastest express trains and the fleetest motors, 
make every use of the telephone and telegraph, do 
everything electrically that I can, and as far as possible 
am in two places at once and get 26 hours into the 
day. All I want to impress upon you is that I do not 
believe I am any better in health or happier for i# 
all, but I must do it because I live in the century 
which, as Carlyle would say, '"flatters itself it is the 
twentieth."' 

I want to convinc^you, if I can, that all these in¬ 
ventions and discoveries are nxerely froth on the Sea 
of life. They are here to-day and superseded tOfi 
morrow, and I believe that many of the achievements 


in ancient times, effected under civilizations of which 
there is now no trace or only traces of the slightest, 
were in fact more wonderful than our own. 

I do not think that I can express better what I 
have in nund than by quoting a few lines of a poem 
by Campbell, with which some of you may be familiar, 
entitled " The Last Man." The poet is picturing the 
end of the world as seen through the eyes of the last 
survivor of the human race, and in addressing the 
sun he says:— 

" What though beneath thee man put forth 
His pomp, his pride, his skill. 

And arts that made flood, fire and earth 
The vassals of his will— 

Yet mourn I not thy parted sway 
Thou dim discrowned king of day. 

For all those trophied arts 

And triumphs that beneath thee sprang. 

Healed not a passion or a pang 
Entailed on human hearts." 

The things which really n^atter are the abstract 
qualities of man—^not his machinery, but what we 
old-fashioned people call his soul and spirit, his love 
of truth, of justice, of honour, his capacity for love, 
sympathy, self-denial. 

There is no den 3 dng that the world is in a very 
parlous state, and we are one and all suffering from 
it in one way or another, in greater or* lesser degree. 

I believe that the main reason is that mankind has 
lost sight of the things that matter and has magnified 
material activities to such an extent that they have 
usurped the place of the vital essentials of life. 

One important direction in which invention has b^n 
most prolific and successful is that of laVour-saving 
appliances. Do not mistake me ; under the conditions 
which we have created for ourselves to live in to-day, 
such appliances are absolutely essential. They have 
been invented, we must reckon witli Ihem and use 
them, otherwise we must go down in the fight. I 
believe, however, tliat, so far as the formation of human 
charabter and the promotion of human happiness 
are concerned, they are almost wholly bad. They 
have taken the interest out of life for most of the 
workers. It is true that each man can produce far 
more in quantit}?-, and to a much greater degree of 
accuracy so far as dimensions are concerned, by making 
one small part of an article than by making the whole 
thing. But what is the price to be paid ? An utter 
absence of any pride in his w^ork, tlie elimination^ of 
all interest in it, with the result that instead of the 
craftsman's satisfaction in tlie designing and successful 
construction of some article of beauty or utility, there 
is a dull or sometimes fiery resentment at having to 
devote so many hours a day to repetition of certain 
motions of the limbs calling for little or no skill. 

Another, and even greater, evil is the ag^egatidn 
of these human automata in large numbers under an 
organization which is as dead and macliin e-like as 
the tools they operate. Just as no man can add a 
cubit to his stature, so no man, singly or in the mass, 
can, change the nature of tlie human being which is 
not an automatic machine but an assemblage of passions 
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and sentiments of infinite variety of both tond and 
strength. We are suffering now acutely m industaal 
unrest resulting from this callous disregard of those 
laws of the universe which we may investigate but 

may not alter. , . , -, 

A man is endowed with faculties, powers which enable 
him to work, to contrive and to execute, and he is 
so constituted that he must have contact with others 
of his kind on whidi to exercise Ms human attributes. 
Only in proportion as he has the opportunity of exe^ 
asing those faculties and powers will he be happy and 
healthy in mind and body. Deny him that exercise 
and he becomes a monster and the world a temble 

place to live in. a.,. , . mi. 

Now, you will ask, what has all to do with 
engineering, and, more especially, with the engme^mg 
student ? I will tell you. Most of 5 'ou are starting, 
or have just started, on your careers : what is neces¬ 
sary for your success ? Naturally you must be equipped 
with the very best scientific and technical educafeon 
you can obtain. Subject possibly to the exception 
. of a few brilliant men with inborn gepius who do anse 
from time to time, the day has gone by when the 
man who picked up his knowledge as he went Mong 
can hope to attain a good position as an engineer. 
Every young man entering the profession must make 
Mmself acquainted witli the present state of knowlec ge 
in the various branches, and must have a spmal 
knowledge of fbe one in wMch he propose to praise. 
This knowledge, however, as I have said elsewhere, 
is only Ms bag of tools. The finest kit in the w 
wiU not carry Mm far if he does not know how to use 
them. It is in the use of tliem that tlie human element 
cofiies in and that the exercise is called for of. such 
abstract qualities as sympatliy, kindliness, eonaderafeon, 
firmness, fairness and honour. These me ^e deter¬ 
mining factors. The works manager who has favourite^ 
who ttes to get the better of Ms men. who bulhes 
and insults those under him, or truckles to a dishonMt 
employer by allowing scamped work, will never be 
a success. The adviser whose advice is coloured by 
Ms own self-interest, or who is open to bribery, may 
make money but he will never attain an honourable 
position. The stafi man whose , heart is m Ms amuse¬ 
ments and who only does so ““l I 

polled, doing it as an uncongemal task to be put o t | 
of mMd wh^ he puts on Ms hat, will find Ms promotion 
slow and Ms change of employment frequent. 

It is tlie man Mmself who counts. He must have 
Ms equipment of knowledge and skill, but also he 

must be able to use that equipment. fe-Won 

Just one word on the subject of work, toMon 

of the day is to exalt amusement as the chief aim m 
life and to represent work as a task to be recced 
to the shortest period possible. So fax have 
gone tliat a man’s opportumty to ^ork is in Mis ¬ 
directions forcibly limited by Act of Parhament. Work 
is essential to our existence, and it behove 
Of us to find out.for himself what W of work he is 
best suited to perform and then to find m^^ to rna 
it Ms vocation. Ordinarily, many drift mto their 


life’s ivork, but I ima^e that few drift into engineering ; 
most enter the profession from deliberate choice, pre¬ 
sumably because it attracts them. Fortimate indeed 
are they if they have correctly gauged their incUnation, 
for the true engineer needs no artificial amusement, 

Ms work is Ms hobby and is seldom out of Ms mmd, 
even when taking, as he should, legitimate relaxation. 

Most of us must have asked ourselves at one l^e 
or another : What is man’s ultimate destiny ? What 
are we here for? Each must find Ms own answ«. 

I suggest that one of the most importa,nt objects in 
life is the formation of character, and if tMs be so, 
every thought, every action has its efiect, md<Mble 
and permanent. Every job carried out assume thm 
an importance far greater tlian its intrinsic worth would 
give it. The primary thought in every engmeer s mind 
should be: " Will tMs thing wMch I am carding out 
be to my credit as an engineer or to my discremt. 
Suppose tlie work wMch I am doing to-day, and wludi 
will soon be out of sight, is unearthed 20 years- hence, 
will its discoverer say of it that tlie job was well done 
or scamped?” I know of no pleasanter sensation 
than that of revisiting something cam^ out yems 
ago and being able to tell oneself that it h^ stood the 
test of time and is still functioning well. I would 
say to each of you : “ Try to do every piece of work 
primarily for the work’s own sake and for the ^e 
of its effect on your own character. The pecuniary 
reward in any one instance may be small or grea , 
but in the long run that too will be added to you. 

TMs country, perhaps more than many others, is 
suffering from a disregard of the principles wMc 
have been trying, very lamely I fear, to 
Work is in very bad odour just now. Tlie docfrine 
that happiness is the be-all and end-all of existence 
is screamed at us from numerous quarters, ^appm^s 
is confounded with amusement, leisure and toe posse¬ 
sion of money, all of them Mdeous 
the real tMng. A duty accomphshed. a difficulty 
succesfully overcome, a job well done, toese are toe 
things wMch confer real happiness, happiness worthy 
of man with liis infinite possibilities and reponsi- 

' Duty is a word seldom heard nowadays; Rights 
has talcen its place. Read the letters written a c^ti^ 
ago and you will find the word duty enstandy 
to tlie mouths of our forefathers. Who bmlt up our 
great Empire? The men whom England expect^ 
would do their duty, and who did it. Who are en- 
daneermg tliat Empire ? Those who preach pleasure, 
falsely so-called, as toe greatest good, who l^onoiir a 
man Lcording to tlie amount of money he 
however he may have gotten it, and who call evil 

^°Ea(^of%u young men has it in his power to woto 
for Ms coimtry, as so many of yo"r number di^ fOT 
it only a few short years ago, and to help so to dir^ 
the course of events that tois great nation of ow 
eT,an go Up and not down in toe scale of humamto 
and in its upward progress shaH^be an agent for toe 
uplifting of mankind at large.. 
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By J. F. Nielson, Member. 

the Scottish Students* Section, Vlth November, 1922.) 


(Address delivered before 

To all Students of this Institution I would emphasize 
the advantages of attendance at, and participation 
in the meetings of the Students* Sections. There 
is nothing more conducive to clear thinking than the 
writing of a paper. It need not be the account of 
original research work accomplished by the writer; 
indeed few of you will have an opportunity to present 
such a contribution. In this connection it is very 
gyatif 3 nng and indeed encouraging to learn that one of 
the Students connected with this Section, Mr, J, C. 
Steward who contributed a paper last session on 
" Electricity in Mines,** has been awarded by the 
Council a Student*s Premium. It is to be hoped that 
at least one paper to be read before this Section during 
the present session may be similarly rewarded. Again, 

. by joining in the discussions—and you need not fear 
to express your opinions or show an appetite for informa¬ 
tion on any subject for fear idiere may be a " chiel amang 
ye takin* notes,** or if there is, ** he*ll no prent it '*— 
an excellent training in self-assurance as to one's ability 
to give expression to one's ideas is obtained. Such 
a training will be found to be invaluable in years to 
come. Thenoagain, at meetings such as these, opportu¬ 
nities occur, sometimes quite unexpectedly, of making 
the acquaintance of contemporaries, the consequences 
of which may be far-reaching in influencing your future 
and in moulding your careers. Do not, however, j 
let these ideas, however admirable and desirable they 
may be, dominate your thoughts too exclusively. One 
of the finest definitions of a gentleman I have ever 
come across is: ** he who puts more into life than he 
talces out of it." As members of this Institution you 
will have frequent opportunities of putting this virtue 
into practice^—giving more than you get.^ As engineers 
you will, if you properly appr^end your calling, be 
assisting much more effectively tlian the politician in 
, the creation and fostering of such an ideal atmosphere 
for human society as—^to quote the words of Edmund 
Burke—is grounded in ** a partnership in all science; 
a partnersliip in all art; a partnership in every virtue, 
and in all perfection.** Such surely is the ideal towards 
wMch statecraft should be directed if tlie future peace 
of the world is to be maintained. 

I am well aware that a proper apprehension of the 
calling of the engineer by tliose who practise it does 
not always exist, and that there are those who come* 
into dose contact witli the forces ’of Nature without 
being affected thereby; still, I think, to most men..such 
an experience must arouse feelings of the puniness of 
mankind and the boundless possibilities for discovery 
in still untrodden fields. 

This year (1922) is memorable in the history of electricaj> 
engineering and of that particular branch of it to which 


our great citizen, Lord Kelvin, contributed so much of 
the fruits of his genius. I refer, of course, to the Jubilee 
of the foimding of the Institution and of the Eastern 
and Assodated Telegraph Companies. 

The Institutioif was really founded earlier than tlie 
28th February, 1872, but that was the date when its 
first Meeting was held. Electric telegraphy was then, 
as Dr. Keimelly says, mighty both by land and sea. 
Sir James Anderson, one of the pioneers of submarine 
telegraphy, presented a report to the Statistical Society 
in 1872, in which he stated that the total capital in¬ 
vested in submarine telegraph companies amounted to 
£10 230 370, and the total length of cables laid was 
37 796 miles. These figures are very significant of 
the progress made by the telegraph industry since the 
first Atlantic cable was laid in 1868, only 14 years 
previously. It was even more striking to read a few 
months ago, when the Eastern and Associated Telegraph 
Companies were celebrating their Jubile5, tliat 28 000 
miles of submarine cable had been laid since the Armistice. 
When wireless telegraphy and telephony are. making 
enormous strides to-day and* there seems no limit to 
the possibilities of its further development, such figures 
as these seem to show that telegraphy by wires is mdte 
than holding its own against its younger rival. 

While, then, telegraphy was a sturdy child at the 
date of tile inception of the Institution and it was because 
of its growing and sturdy condition that 'the Institution, 
or as it was first and not unnaturally called, tlie Society 
of Telegraph Engineers, came into being—electric 
lighting, electric traction, electric power transmission, 
electric telephony and a whole long Hst ef other now 
familiar electrical activities were non-existent. Radio 
communication, as Dr. Kennelly remarks, was tiien 
undreamt of. 

In this shipbuilding '*hub of tlie univease ** a few 
facts regarding the genesis and progress of electric lighting 
and power transmission on board ship may be of interest 
to you, especially to those who, like myself, are engaged 
in this particular branch of our profession. Illuminatjpn 
by arc lamps was. the first method adopted on board 
ship. This was only natural, seeing that the invention 
of the arc lamp preceded that of the Swan or incandescent 
lamp by several years. Then, too, tlie series connection 
of lamps was the only method thought to be possible 
at first. Parallel running, or ** subdivision of the 
current ** as it was then called, was hardly considered 
practicable, and it was apparently not until about the 
year 1880 that attempts were madecn that direction. 
In that year Edison ih America installed on tlie steam¬ 
ship "Columbia** 116 10-c.p. incandescent lamps and, 
apparently about l3ie same time, arc lamps were used 
for the internal illumination of the steamship ** City 
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of Berlin/* The following year (1881) saw, so far as 
I can leam, the first instance of incandescent electric 
lighting installed in a vessel built on the Clyde. This 
ship was the Cunard steamer ** Servia," constructed 
by Messrs. G. and J. Thomson, Ltd., the founders of 
the Clydebank shipbuilding yard of to-day. This 
•wessel had 117 Swan lamps and two arc lamps. The 
power required was about 10 kW and in all probability 
was furnished by a single-phase a.c. machine, driven 
by an endless cotton rope from a low-speed engine. 

In this same year, incandescent electric lighting was 
introduced into the British Navy, the ship chosen being 
H.M.S. ** Inflexible.** Lord Fisher refers to the incident 
in the second volume of liis memoirs and tells how 
it'was owing to his interest in the §wan lamp and to 
Mr. Henry Edmund's lucid demonstration of it in a 
shed in Portsmouth Dockyard in the presence of the 
Admiral, surrounded by such a bevy of ladies as reminded 
Mr. Edmunds of his prototype in ** H.M.S. Pinafore,** 
with ** his sisters and his cousins and his aunts,*' that 
the momentous decision was made to install this new 
iiluminant in the Inflexible," of wliich Fisher was then 
Captain. 

Mr. James Lowson in liis address to the Scottish 
Centre * mentioned the interesting fact that the first 
insulated wires used for sliip lighting were covered with 
cotton cloth and white lead and that where they had 
to pass through specially damp places they were provided 
with additioilhl protection of rubber tubing: Mr. J. H. 
Holmes, one of the pioneers of this branch of the industry, 
tells how they nearly set tlie City of Rome " on fire 
after starting up the generating madiinery. Seemingly 
they did not know much about fuses in those days and, 
td their consternation, sulphurous smoke was seen 
arising from the rubber-insulated wires iaa tlie music 
saloon. There being no switches nearer to hand than 
the engine room, a rush was made for it, the fire was 
extinguished and the painters bribed to work all night 
and cover up* all traces of the mishap. Mr. HoImes*s 
remarks about the‘ absence of switches recalls to my 
mind a report made by one of my friends on the trials 
of the generating plant fitted on board the s.s. 

Friesland,** a steamer built in 1889, wliida it is inter¬ 
esting to find was, even at tliat early date, fitted with a 
Parsons turbo-geberator. 

He says: ** One turbo-generator alone carried tlie 
full load of lights witliout the slightest hitch. The 
main cable was drawn out of its binding post repeatedly, 
thus throwing ofl the full load of 450 lamps, but tlm 
engine adjusted its speed instantaneously without the 
stop valve being touched at all.** He says nothing 
about the replacing of the cable into its binding pest. 
Presumably that also was done with the. generator 
running, altogether rather a difficult business. 

As you are all probably aware, the earliest form of 
incandescent lamp manufactured in tliis country was 
the carbon-filament type, invented by Sir Joseph Swan, 

. I think, in the year 1878. They were far from being a 
sarisfactory article at first, as they were made from 
parchmentized cotton and were velty fragile. Breakages 
were numerous and, as the price was 35s. per lamp, 
experimenting with them was a deadedly costly aflair. 

♦ Journal LEM,, 1916, vol. 63, p. 37. ' 


Glasgow has, we are told, the distinction of being the 
first town in this country in which this new form of 
iiluminant, the Swan carbon-filament lamp, was publicly 
exhibited. The outcome of this exhibition was that 
Colonel Crompton got orders to install tliese lamps in 
the Glasgow Post Office and the goods yard of Queen- 
street station. ‘The next step in lamp manufacture 
was the Nernst lamp, followed by tlie tantalum filament. 
From tliat we have come to *^6 tungsten lamp and, 
last and perhaps tlie greatest jump in improvement of 
all, the gasfilled lamp. How tremendously we have 
progressed in tlie making of incandescent lamps since 
tliose pioneering days 40 years ago can only be fully, 
appreciated after walldng through a medem lamp 
factory and witnessing the hundred-and-one processes, 
some performed by hand labour and others by tlie 
most ingenious of automatic machinery, tlirough which 
the vacuum and gasfilled lamps have to pass before 
they read! the final stage in their manufacture. 

Reverting again for a few moments to the progress 
made in the application of electrical science to ^he navi¬ 
gation and internal economy of the medem steamship 
since those days, 40 years ago, when the electric lamp 
began to displace the evil-smelling and dangerous oil 
lamp, it is only natural that we should find electricity 
being first used as a transmitter of power for driving 
fans to improve the ventilation of the lower decks. 
Since then it has found ever-incrcasing application on 
board ship until practically every piece of rotating 
macliinery outside of the engine room, and much of 
the auxiliary macliinery within it as well, is now driven 
electrically. For every purpose requiring the trans¬ 
mission of orders, messages, records of movements of 
. gearing of all kinds, temperature indications, the 
rejuvenation of the human frame by artificial solar 
heat and the still more artificial hobby horse, the 
ozonizing of vitiated atmosphere and many other pur¬ 
poses too numerous to mention here, electricity is becom¬ 
ing more and more indispensable in the modem passenger 
liner. Last winter one of your members gave an 
exliaustive description of the gyroscopic compass, an 
instrument which was made possible by tlie application 
of electric power, and whidi is threatening to displace 
the magnetic compass in our large liners, owing to its 
many advantages over its older rival. 

Electiicity has also made possible another application 
of the gyro wheel. I refer to what is known the 
Sperry " stabilizer,** by means of which it is possible 
to reduce the rolling of a vessel even in the worst of 
weather. Apart from the obvious comfort which such 
a device must bring to the average passenger who is 
prone to suffer from mal de mer, it has the less obvious 
commercial advantage of appreciably reducing .the 
power required to propel a vessel in heavy weather and 
of greatly minimizing the shipping of seas by keeping 

on an ^most even keel. Of course I should mention 
that tliese applications of the gyroscope to the navigation 
of ships are costly, more particularly the stabilizer, 
and pan be considered only wlnre the shortening of 
the voyage by maintaining a stSaighter course and the 
saving in propulsive effort more than counterbalance 
,tiie capital outlay. 

The advantages of electric heating and cooking are 
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beginning to be more and more appreciated on board 
ship and already we find the coal-fired cooking range 
being displaced by an electrically heated one on some 
of onr cross-channel steamers. This is not surprising, for 
the benefits to be derived from electric cooking, which 
are so self-evident in the domestic kitchen, are even 
more apparent in the galleys of such vessels. The 
cleanliness, comfort and absence of waste heat require 
to be seen and experienced to be fully appreciated by 
those accustomed only to the older methods and dis¬ 
comforts of coal-fired ranges. 

The advent of the Diesel motor sliip has given a 
fresh fillip to the electrical industry. A cargo steamer 
of possibly 10 000 tons* carrying capacity, which, if 
propelled by reciprocating steam engines or geared 
turbines, might have a small electric lighting plant of 
about 26 kW, will probably now have generators of a 
total capacity of 400 to 600 kW, the absence of steam 
boilers necessitating the whole of i^e deck machinery, 
including steering gear, capstans and windlasses and, 
in the engine room, large air compressors and all the 
pumping plant, ventilating fans and refrigerating 
machinery, being electrically driven. 

From this point I might proceed to describe the 
position in which we stand to-day as regards electric 
propulsion of ships and some of the later uses to which 
electricity has been applied in their construction. I 
feel, however, that I could not do justice to such a 
theme in a few passing remarks and I propose, therefore, 
to turn instead to one or two topics which it seems 
to ine are peculiarly of interest to Students of the 
Institution. 

The first thing I should like to say to you is that 
it is far harder to rise in your profession to-day than 
,it was in the early days of the industry. It was 
then, in comparison with to-day, relatively easy to rise 
above one's fellows and to become, shall I say, a giant 
among pygmies. Forty years ago the biggest intellects 
in the world were engaged in developing existing indus¬ 
tries. The average electrician of those days was but 
a dabbler in science and an amateur in invention. 
Consequently it was comparatively easy to rise in the | 
industry and to maintain one's reputation in the face 
of a gradually growing influx of younger trained men. 
To-day we have a very large number of highly trained 
sdSnti&c and business men engaged in the electrical 
profession. The problems which were then difflcult 
and seemingly impossible of solution are now quite 
elementary and easily understood. The problems 
which remain to be solved are of a very much more 
abstruse character and are being tackled by many who 
have benefited by the discoveries of those early pioneers 
and whose equipment for such research work is infimtely 
superior to their predecessors*. It is for such reasons 
as this tliat I say that it is exceedingly difficult to-day 
for any but tlie most brilliant genius to rise much abover 
the level of his competitors. I am hot saying these 
things to discourage you but in order that you should 
appreciate how muchn greater is the necessity for con¬ 
tinuous effort if you aSe to attain to eminence in your 
profession to-day. 

Now, while it is not given to every one of you to rise^ 
in his profession niuch above tlie average level and thus 


to make your influence felt in the world, each may 
leave his mark upon his work in a manner which may 
be even ffiore enduring than if he succeeded for a time 
in soaring above his fellows in public estimation. Every 
piece of work undertaken bears the impress of the 
worker, and the character of that impress depends upon 
the thoroughness with which it has been done and the 
spirit which has animated the doer. In the long run, 
the money-getting value of any piece of work is of the 
least importance. Of far greater value to the engineer 
and that which will advance him in the estimation of 
his fellow-men is the manner in which he has earned 
out his contract. Of course, every engineering problem 
involves questions of cost, and the successful enpneer 
is he who employs the least capital in a job which in 
its working gives the greatest return on that capital 
outlay. This leads me on to say how very important 
it is that you young engineers should not lose sight of 
the commercial side of your professional training. Too 
little attention, I fear, has in the past been paid to this 
subject and, in consequence, many a student completes 
his college course or apprenticeship without realizing 
tliat the most important question that thereafter will 
confront him is the cost of the scheme which he is called 
upon to work out or the machine which he has to create. 

It is not unnatural for the young engineer to lose sight 
of this fact. If he is at all keen on his work, what is 
more natural than tliat he should strive after perfection, 
but, in this imperfect world, perfection is a costly 
virtue and a luxury which can rarely be afforded. 
Then, too, the experience through which he has recently 
come during the yearS’ of weTr, when it was a case of 
getting everything done regardless of cost, has not 
helped to bring this fact home to him. ^ • 

Some, if not indeed many, of you will have occasion 
to draw up specifications of work to be done. Here 
you liave a subject of the very greatest importance 
to which I doubt if very much attention Jls paid in the 
training of the young engineer. Unless you are an 
expert in the manufacture of the maclunery the perfor¬ 
mance of which you are specifying, and not even then, 
should you make the mistake of describing in detail 
how tliat machinery should be designed. That is not 
the object of a specification and, as I shall proceed to 
show you by one or twb concrete examples, such a 
mistaken view of the nature of a specification often 
leads to waste of your own or your client's capital, 
with no counterbalancing advantage to you or to him. 
The main object of a specification is to state tlie duty 
which the machine or installation is intended to perform, 
the conditions under which it will operate, and the tests 
which will be applied in order to ascertain whether 
the performance is satisfactory. It is most essential 
if the cheapest, and at the same time the best, results 
are to be obtained, that the manufacturer or contractor 
should not be hidebound by stringent clauses in the 
specification, detailing how the desired results should 
be obtained. In such matters he should be left with 
the utmost freedom to adopt, such methods of construc¬ 
tion as he considers Will reasonably fulfil the prescribed 
conditions. Of course the purchaser may have had 
previous experience^ with different kinds and qualities 
of material or methods of construction, and if such 
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experience leads him to object to the employment of 
certain materials or methods of construction, he may 
quite properly specify that if such materials are utilized, 
they shall fulfil certain conditions as regards, for in¬ 
stance, their tensile strength and that certain methods 
of construction shall not be employed. It is then open 
tp the manufacturer to offer such other materials or 
methods of construction as he can guarantee from his 
experience are best suited to the machinery manufactured 
by him. It is, for instance, much more important 
tliat the manufacturer should be informed that the 
machine sought for shall be capable of being 
in, say, an engine room having a temperature of 120 h . 
and in a damp tropical climate, than that the coils shall 
consist of copper wire having a conductivity not less 
than 98 per cent of Matthiessen’s standard ; also that 
the current density in the conductors shall not be more 
than 1 500 amperes per square inch in the armature 
coils and 2 000 amperes in the field coils, and so on. 

It is surely only common sense to expect that the 
manufacturer will, for his own protection, use ®oPP®^ 
of the highest conductivity, properly annealed, an 
designers of electrical machinery will tell you that the 
current density at which the windings may safely be 
run depends very'largely upon the cooling conditions. 
In some cases, such as shunt coils, it may not be foun 
practicable to go beyond 800 amperes per square inch, 
while in the construction of the armature, the ventilating 
and heat-radiating surfaces may allow of a density far 
above 1 500 amperes per square inch being employed 
with impunity and still meet the temperature, i.e. the 

essential, clause of the specification. _ _ _ 

I have quite recently come across instances, in priva e 
and Government practice, where, owing to just suci 
causes as h have mentioned, some too obviously the 
result of slavishly copying out-of-date specifications, 
others of seemingly ignorant attempts to improve upon 
sound practice by piling safeguards upon safeguards 
already existing, hundreds of pounds have, or will be, 
needlessly thrown away and presumably by well- 
intentioned individuals who unfortunately act lor 
clients who ai;e unaware of these facts. And so won 
close this topic by again impressing upon all young 
engineers the fact that the object of a specification is 
mainly to ensure the attainment of results and not to 
teach the manufacturer his business. Inforrn him as 
to what your plant is to accomplish, tell him the condi¬ 
tions under which it will have to work, and, having 
placed your contract in the hands of a firm of repute, 
it will be sufficient for you to see that they meet them 

It would be foolish to attempt to foretell the future, 
even its immediate prospects, for it must be very 
humiliating at this time to those who told us less than 
three years ago that the conditions then existing would 
probably continue for many years to come and that in 


consequence the prospect of employment for educa-ted 
and trained electrical engineers was very promising. 
The situation, I need hardly tell you, is far from rosy, 
and as regards unemployment and the immediate 
prospects of employment for the younger men, especially 
in the engineering professions, things could hardly be 
worse than they are just now, but history has in the past 
repeated itself and will surely repeat itself again. The 
lean and anxious times we are passing through will 
assuredly pass away sooner or later—I venture to think 
that we have seen the worst already—and while we 
must not expect, nor should we expect, the industrial 
world of the future to work under conditions precisely 
similar to those prevailing before the war, I feel certain 
that there will be everrincreasing opportunities for 
those of you who are preparing yourselves to take 

advantage of them. , ■ 

There are many new fields for the use of electricity 
which we have only begun to develop in this country. 
The Chairman of our Scottish Centre, Mr. A. S. Hampton, 
in his address told us of what has been done and jof what 
remains to be done in the electrification of railways. 
Dr. Magnus Maclean has opened our eyes to the poten¬ 
tialities of water power in the Highlands ; while Mr. 
Borlase Matthews told us recently of the beginnings of, 
and prospects for, electro-farming or the application of 
electricity to agriculture which, when we think of it, is 
still the greatest and the most essential industry in the 
world. The electrical propulsion of ships has only 
just made a beginning—I shall not venture to prophesy 
or express an opinion as to its future development. 
Radio-telephony may, if properly handled and developed, 
bring about profound changes in our domestic and econo¬ 
mic life. 

The Institution exists to promote and encourage 
every new endeavour and every new development 
in electrical science, and it is worthily fulfilling these 
functions. I would, however, have you remember 
that the future lies in your hands. Some of you will 
doubtless become Members of Council, and those of 
you who do not, will at least be able to criticize those 
who do. Some of you may be inclined to criticize 
the Council already, and such criticism is to he welcomed 
if the critic has the welfare of the Institution genuinely 
at heart. When you criticize do not, however, forget 
that the responsibility of office c^ies with it e 
cares of office, and that, while all things may be lawful, 
all things may not be expedient. The Council are 
trustees for its 10 000 members and, as such, must 
not be expected to launch into speculative yentares 
which may turn out disastrously for the health of the 
Icstitutim. In closing, let me say that by domg 
what within you lies to promote the welfare of this 
Students’ Section, you will be helping the Institution 
to attain to an even greater reputation than it holds 
to-day. 



284 COTTON ; THE OPERATION OF INDUCTION MOTORS IN CASCADE. 


THE OPERATION OF INDUCTION MOTORS IN CASCADE. 
By H. Cotton, M.B.E., M.Sc., Associate Member. 

{Paper first received \Oth Aprils and in fined form AXh November^ 1922.) 


The circle diagram of two induction motors in cascade 
can be drawn by elaborating the diagram for one 
machine functioning under normal conditions. 

Let F.i = useful primary flux, i.e. the primary flux 
which links with the secondary winding. 
/i = primary leakage flux. 

Then + J^i) =* total primary flux = say, and 
^1^1* where Aj is the primary leakage factor. 

Let = useful secondary flux, i.e. the secondary flux 
which links with the primary winding. 

/2 = secondary leakage flux. 

Then {F^ -f- = total secondary flux = say, and 

<f>2 = where A2 is the secondary leakage factor. 
Hence the resultant primary flux is the vector sum of 
<f>l and F2, and the resultant secondary flux is the 
vector sum of ^1* Remembering that the resultant 

secondary flux is in quadrature with the total flux pro¬ 
duced by the secondary winding alone, i.e. with <f>2. we 
can draw the diagram for a single motor as follows :— 

Draw Oa (Fig. 1 ) to represent Fi, and on Oa as 
diameter despiibe a semicircle. 

From a draw a chord aC to represent ^2 (= ^2 +/2)* 
Join OC and draw OB parallel to aC, maldng 
OB = aC = <f>2* Then, since angle COB is a right 
angle, and since OC is the resultant of Oa and OB, 

OC = resultant secondary flux. 

Produce Oa to A, making Fi+fi= <f>^, Mark 

ofl Ob = F^. Then OD the vector sum of and F^ 
is the resultant primary flux. 

In the case of a motor functioning alone, the line OD 
is the fixed line on the diagram, and its length is pro¬ 
portional to the magnetizing current. OA is proportional 
to "'the primary current on load, and the locus of A is 
a semicircle with its centre on OD produced.f 

In order to derive the circle diagram of the cascade 
motor the following considerations have to be taken 
into account:— 

First, the second motor being connected to the first 
motor receives its supply from this. The first motor 
is therefore functioning as a generator relative to the 
second. Also, in the case considered it is tlie rotor of 
the second machine which is the primary of that machine, 
and the stator which is acting as its short-circuited' 
secondary. This latter condition is not, however, 
essential, as the stator of the auxiliary machine can be 
connected to the rotoc of the main machine if the wind- 
^ ' 

• This paper, which was submitted by the author as a thesis, 
was accepted by the Examinations Committee in lieu of the 
Associate Membership Examination. 

t See Bxhrend ; ‘^The Induction Motor.** 


ings are designed with this end in view. The rotor-to- 
rotor method is treated here because it is suitable for 
two identical machines and therefore considerably 
simplifies the problem. 

Secondly, becaflse the rotor of the auxiliary machine is 
motoring on a current taken from the main rotor it 
will produce a back E.M.F. In order to simplify the 
diagram the case considered is that of ideal motors 
in which the copper losses are so small that they can 
be neglected. This means that the generated E.M.F. 
in the main rotor and the back E.M.F. in tlie auxiliary 
rotor will be equal and opposite. But the directions 
of rotation of the two rotors are the same, the shafts 
being mechanically coupled, hence. the fluxes which 



produce these E.M.F.'s must be in phase with one 
another when drawn on the same diagram. Also, assuming 
identical windings on tlie two rotors, the two fluxes 
must be equal in magnitude. The flux diagram of tlie 
auxiliary machine is drawn first. 

Let iFi = useful primary flux of macliine 1 . 

*1-^2 = iiseful secondary flux of machine 1 . 

2^1 = useful primary flux of machine 2 . 

2F2 =» useful secondary flux of machine 2 . 

And so on, the prefix referring to the number of the 
machine, and the sufidx to the winding, e.g. whether 
primary or secondary. 

Mark off Oa = 2^1 the useful primary flux (Fig. 2 ), 
and make OA ^ — 2^i» leakage factor A2 

being used because the rotor is functioning as the primary 
and the stator as secondary. 

On Oa as diameter describe a semicircle and mark off 
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the chord aC equal to the total secondary flux 2^2- I 
Then the resultant OC = the resultant secondary (stator) ! 
flux. Also making Ob = OB/Ai we have for thevesultant 
of OA and Ob, OD = the resultant primary (rotor) flux. 

Consider now the main motor. Since its rotor must 
have induced in it an E.M.F. equal and opposite to 
that in the second rotor, the resultant flux linking with it 
must be equal to the resultant flux of the second rotor, 
namely, to OD. One of the components of this result^t 
flux is the total flux produced by the rotor winding 


the whole set. Hence the locus of G is the required 
current diagram. The fixed Une on the diagram is given 
by the vector OK representing the resultant primary 
flux. This line is constant in magnitude and direcbon, 
and is analogous to the fixed line OD in the circle 
diagram for a single motor. OK gives, when measured 
on the current scale, the magnetizing current of the 
set. Fig. 3 shows the completed diagram. 

The locus of G is determined anal3^callyas follows : 

Take the direction of OC as the axis, and the perpen- 



itself, that is OA = i<if >2 in tlie diagram, since the total. 
rotor flux is,the same in each machme. But siuto 
the rotor currents must be equal and opposite, the total 
rotor flux of machine 1 , namely, 1-^2. must be oppoate 
in phase to the vector OA and therefore represented 
on the diagram by OE, where OE = OA. „ , . i 

The other component of the resultant rotor flux 1 , 

the useful stator flux iFi- i i ott I 

Producing OF to G and making OG equal to AiOF | 
we have OG = i<f>i = Ax. iFi, the total primary (stator, 1 
flu 5 of the main machine. Finally, smce the rraultant 
stator flux is the vector sum. of the total stator 
and the useful rotor flux we can find this resultant 

flux as follows -x 

• OE represents the total rotor flux x<^2. Hence, if we 
mark off OH equal to OE/Aa, we have OH = iFg. • 
Completing the parallelogram OHKG gives OK t 
resultant primary flux. This competes 

Since the currgnts are proportional to the fluxM 
which they set up, the flux diagram is also, tea cer^ 
scale, a current diagram. Hence the vector OG, .^hich 
represents the total flux set up by'the current in the 
pihnarv motor, also represents the current intake of 


diculax through O as the y' axis; Then the co-o^ates 
of the various points on the diagram are as follows .— 

x' co-ordinate of C = 2^1 cos a : y' sin a 

x' co-ordinate of o = cos a : y' co-ordmate = 2^1 sin a 

= 1^2 A 
== Ai .• 2 

as'co-ordinate of \ tp 

A = X .2 2^1 COS a : y co-ordmate = A* sma 

5 = A1A2 .2 

OD is the resultant of OA and Ob. Hence 

a,' co-ordinate of D = As . 2^1 cos a : y' co-ordinate , 

= A1A2 • sf* 2 — 2^ 2 

OF is the resultant of OA and OD. Therefore 
„( F - a, . CO. « 

OG is Ax times OF, hence its and y' 
are Ax times the corresponding, co-ordmates of 
Therefore 

of 
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Finally, GK is equal and parallel to OH = -.Fo = oF, 
reversed. Therefore " 

»' co-ordinate of K == 2AiA2.2^1 cos a - 2^1 cos a 
= cos a(2AiA2 — 1 )" 

y co-ordinate of K = Ai 2^ 2(2AiA2 — 1 ) — sin a 

= Ai 2F’2(2 AiA2 - 1) -"Ai 2^2 • 

= 2 Ai 2-^— 1 ) 

Now since the only fixed direction on the diagram is 
the direction of OK, it is desirable to use OK as the 
X axis, and the perpendicular through O as the 2, a:cis. 
The new axes are therefore displaced by an angle KOC 
(^ sS'Y) from the old axes in a counter-clockwise 
direction. Hence the equations for transformation are : 

X = x' cos 6 -f- y' sin 6 '\ 
y =‘ y' cos 6 — x' sin df 


The co-ordinates of G with respect to the new axes 
are: 

• X =s d -jr G-K cos (a — 6 ) 

^ d + 2-^1 cos {a — 6 ) 
y == GK sin (a — d) 

= 2^2 sin (a — 6 ) 

Again, from Equations ( 1 ) and ( 2 ) we can determine 
the relationship between ^F^, and d) for from Equa¬ 
tion ( 2 ) we have 

W ~ 2-^1 c os g si n d{ 2 Xi A.? — 1 ) 

^ 2AiCos0(AiA2 -ir ' 

Substituting this value in Equation ( 1 ) we have 

2^1 cos a sin d (2XiA2 — 1 ) 

, 2 Ai sin g(AiA2 — 1 ) X 2-y'i cos a sin a( 2 AiA 2 — 1 ) 

2 Ai cos d(XiX,2 — 1 ) 



Hence for the co-ordinates of K (a fixed point) with 
respect to the new axes we have ; 


^ _ (isinfl 

~ lAllAiAa - 1) 


The X co-ordinate 
2F1 cos a cos 0(2 AiA2 — 1 ) 

+ 2A1. 2^2 sin fl(AxA2 — 1 ) = d, say . ( 1 ) 

The y co- 6 rdinate 
— 2F1 cos a sin 0(2AiA2 — 1 ) 

+ 2 Ax . 2^2 cos 0 {AxA2 — 1 ) = 0 . ( 2 ) 

From Equation ( 2 ) we can deduce a relationship 
between a and 0 , for we have 

cos a sin 0 (2AxA2 “ 1 ) = 2 Ai. 2^2 cos 0 (AxA2 - 1 ) 

Again, Ax . 2^2 = 2^2 

^ == 2 ^x ® 

Hence substituting In the above equation we have 
cos a sin 0 (2AxA2 - 1 ) = 2 sin a cos 0 (AxA^ - 1 ) • ( 9 ) 


Hence the y co-ordinate of G becomes 
y = 2J’x(sin a cos 0 — cos a sin 0 ) 






Again, 


sin a cos 0 - "Jill 

2 AxA 2 - 1 

from Equation ( 3 ) 

Ax 2J^2 

2^1 = 


sm a 


dsin 0 


*“ 2(AxA2 — 1 ) sin a 

Hence the expression for y reduces to 

(isin0cos0* 

^ ~ 2 (XiA 2 - 


( 4 ) 


In order to simplify calculation, transfer the origin 
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temporarily to K. Then the 


— X ^ 

G becomes 
a; ==! 2^1 

= . — X /cos a cos 0 + sin a sin 

2 (AiA 2 — 1) sin a \ ^ 

Sulistituti ug 

. ^ cos 0 sin a X 2(AiA2 — 1) 
cos a sin u =- 2 A 1 A 0 — 1 - 
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new X co-ordinate of point It is usual to express the quantities c and a in terns 

of the ** dispersion coefficient ” of the motor. This is 
sometimes taken as 


a = AiA 2 — 1 and sometimes as <7 = 1 — ^ 

Taking the first as the more commonly used value 
we have 

A1A2 = or + 1 
d 


we have 


2(AiA . — 1) sin a 


Hence the radius c =4^(2j..ri) 

Retaining K as the origin, the points L and M, 
__fidvcn bv the con- 


d 

Retaining R as tne ongiu, tuc 

' “ V oa \ l\ 'I where the circle cuts the » axis, are given by the con- 

X/cos-0sma X ditionj, = 0. Therefoie 

^AxA^ “"1 


„ --- X { 2AiA.> 1 - cosS (6) 

~ 2 (AiAo - 1) (2AJ.A3 - 1) ^ •’ 

In order to find an equation connecting « ^d 
we have to eliminate the functions of 8. Expressing in 
terms of 20 we have 


V 


, sin 20 


cos! 


^(AiA^ 1 ) (2A1A2 — 1 ) 

” “ 4 (A,A, - 1 ) (2A.A, - D'f 

d _ jp 

4 (AiA 2 - 1 ) { 2 A 1 A 2 - i) “ 

Then 2 / = Psin2e'’ 

x~P ( 4 AiAa - 3 - cos 28) 

I’ut* •> (4A1A2 — 3 ) = Q 

Tliorcfore » = P{Q ”* ^ 9 ) 

Hcnc(s squaring and adding we have 

j,a + ^ _ p2((32 _ 2 Q cos 28) = P® 

Again, , -co8 20=(p-«) 

Tliereforo *2 + - P’ (< 2 ' + 

Therefore J/^ + (« — -P®)® “ 

Rc-substituting for P and Q we have 

f 4 (A:A 2 - 3 )‘* V 

y- +* •[«> - 4 (AiX 2 -1) (2X1X3 -1) j ^ j 

* {ilXiXo 

This is the equation to a circle of radius 

d 

“ “ ilXiAa - i) (2X1X2 - 1 ) 

with its centre on 4e » axis situated at a distance 

(4X1X2 “7 . _’froinK 

“ “ 41X1X3 - 1) (2X1X2 - 1) 


(4A1X2- 3 )d_,__ ^ _ 

® - 1 ) ( 2 AiA^ 1 ) * ^(XiXo - 1 ) (2X1A2 - 1 ) 

" 4 (XTAv^r( 2 X 7 ,^l){^iX 2 “ ^ 

d( 4 AiA 2 - 2 ) _ d( 4 Ai;^- 4 ) 

“ 4 (XiX 2 - 1 ) (aXiAs-lj 4 (AiA 2 - 1 ) (2A1A.1-1) 

d X 4 cr 

This gives 


KL -= 


4 c 7 ( 2 cr + 1 ) 
d 

2a + 1 
c?( 4 a + 2 ) 

“ 4 T( 23 r + 1 ) 

Now the distances of points on 

?hrrcroL “—»»^ 

the standstill.current. 


We have OM = d + 


d(4or-|-_2) 


4 !r(to + 1 ) 
d( 8 o^+ 8 (r+ 2 )_ 
“ “^( 2 e + 1 ) 
d(4or± 2) 

4£7 

d 

27 +"1 

d( 2 a + 2 ^ 

2 a + 1 


OL = d + 


If we draw on the same comparison 

motor working alone, -ector OG gives the total 

tet.™. the *;»to? of the «.tl 

stator flnx and OH the to there- 

^chine. The resuRant s Jto^^x 
fore when measured on ® current of one 

length gives the no-load ( be the s^e 

motor workmg ^ afiect the numerical 

aa that of OK. but factor, etc., in 

relationships between torque, powe 

the two cases. 
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Hence c urrent of combination OL 

No-load current of a single motor OK 

_ d( 2or + 2) 

20 *+ 1 • 

^ 2ar 4* 2 
2 ct 4“ 1 

Now o = Aj.A 2 — 1 

and therefore, since the leakage coefficients and A 2 
have in practice to be very nearly equal to unity in 



The power factor (P.F.) for any working point P is 
given by the cosine of the angle POY, that is by the 
sine of the angle Q in Fig. 6 (0 now having a different 
meaning). 


Therefore 

But 

and 


P.F. 


. 

2/2 + (aj — a )2 
2/2 + — 2ax 4 — ^2 

aj2 ^ 2/2 = c2 + 2aaj — 

y = V[(^^ - (ic - a)2] 

Differentiating with respect to x we have 


dx L ^ J 

(024200?—a2)[—2{t^—a)]—-{02^(0?—a)2^2a 
^ (c 2 4 2 aa? — a 2 j 2 


order to keep the power factor as high as possible, the 
numerical value of a is very small when compared with 
unity. Hence the ratio of the magnetizing currents is 
very approximately two to one. This is to be expected 
since all the power received by the auxiliary motor has 
to come through the main motor, and the magnetizing 
current of the former is therefore superposed on that 
of the latter. 

Again, for a single motor the ratio of the no-load 
current OA to the diameter of the circle AB is equal 
to the dispersion coefficient a (Fig. 4). Hence the 

d 

diameter of circle for a single motor = -. But the 

O’ 

torque of the motor is proportional to the perpendicular 
dropped from the working point to the x axis. . Hence 



Fig. 6. 


This reduces to 

dh — a? (c2 4 da? a2) 

da? ^ [c2 — (a? — a) 2] 1/2 x (c2 — 2aa? — a2j3/2. 

This is equal to zero, and A; is a maximum when 
c2 4 oa? — a2 0 

i.e. a? = (a2 — c2)/a 


Hence the maximum power factor 



Y^[c 2 4 2(0-2 — c2) — a2J 


c 

a 


Hence for the cascade set we have for the maximum 
power factor 

d , fj (^AiA 2 — 3)d 

40 * (2o’ 4 1) ■ I H^iXz — 1) (2A1A2 — ijj 

.... 

80-2 + 8(t -I- 1 

For a single motor we have the maximum power 
factor equal to 

2j r 2 J "" 2y 4”'l 

Hence 


the maximum torque is proportional to the radius 
Hence we have 

Maximum torque of main cascade motor is propor 
d 

tional to c, that is to r~- 7 s— 

4o-(2cr 4 1) 

Maximum torque for a single motor working alone^ii 
d 

proportional to ^ . 


Hence ^ 

r 

Maxim um t o rque of main casc ade motor 1 

Maximum torque of single motor 2 ( 20 * 4 J) 

*=. i (very nearly). 


]\iax. power factor of the set 20 - 4 I* 

Max. power factor of single motor 80 ^ -f 4 i 

The value of this ratio depends entirely upon the value 
of the dispersion coefficient. Hobart* gives a table 
showing the values of a for a large number of motors. 
For medium-sized and large machines it varies between 
0*022 and 0*176. The above ratios for these values 
of cr are 0*885 and 0*657. This shows the great objec¬ 
tion to the . cascade method of speed control, and the 
necessity of very careful design of the magnetic circuits 
if this system is t« be adopted. 

* ” Electric Motors,** 2nd ed., p. 478. 
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Compaxisons of torque and power factor for any 
value of the intake are best shown by plotting these 
two quantities against a current base. 

Expressed in polar co-ordinates we have, from Fig. 5, 


power factor = sin d 
current = r 

^2 — ^2 -f cos d 



quantity d, namely, the magnetizing current of a 
single motor, we have 

_ d _ 

“ ^{2cr + 1 ) 

^ , (4AiX2-3)<^_ _ 

»i - « + - 1 ) ( 2 A 1 A 3 - i) 4iT(2ff + 1 ) 

d d(2(j -f 1) 

c .2 = 2 ^: 

Also the range of r for a single motor will be from 
(f to (<f + dia), that is from d to <i(l +a)/cr. 




FIG. 6.-Circle diagrams for single induction motors and for two equal motors in cascade, 
Outer cltole-slufile motor. Inner circle-cascade motor. 


Calling the values of c and a, Ci and Oj, for the cascade 
set. and Ca and (fg for a single motor we have ■ 

Power factor of cascade set 




+ 2a2cf + ~ °i ) 

. " 2 a ir 

Torque of cascade set 

= hi ^ r siaO ^ r X 

. °t) 

in arbitrary units. 

Similar ly for the single motor we have 


Power factor 


Ki = 


Practically all actual cases will be covered by tekmg 
values of a from 0 • 04 to 0 • 1 6, say the following values ; 

0-04, 0-06. 0-08, 0-10, 0 12, 0-14 and 0-16 

The correspondingvalues of c^, ai, cj and a-z are given 

in Table 1. , j. j: oithtIa 

In the same table the standstiU currents of a single 


V'( 2 a|»^ + 2 o|c| + 2 ^ - g* - r* - cD 



V'(2«y + 2a|(| + 2<f^ , 

Torque Tz = —— 203 ". 

in arbitrary units. • , .^ j 

Expressing c^, ai, c.> and og in terms of the fixed 


motor and of the cascade set are given. The 
these currents is approximately 2:1 m aU cases. The 
relative sizes of the circles are cle^ shown m Fig. 0. 
which is drawn to scale. 

In Table .2 the torques, power factors and ratios 
of* the torques and power factors are worked out for 
each valve of a and plotted against a current base m 
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Figs. 8 to 11. Fig. 8 shows the torque T-y of a cascade 
set in arbitrary units, while Fig. 9 gives the torque 
of a single motor. The inferiority of the cascade set is 
at once evident from a comparison of these curves. 

Table 1. 

The Unit in which the Quantities Cj, and Standstill 
Current are expressed is the Magnetizing Current of 
a Single Motor. 


a 

Cascade motors 

Single motor 

Cl 

fli 

Current at 
standstill 

ca 

ua 

Current at 
standstill 

0*04 

6*8 

7-74 

13'64 

12*6 

13*5 

26*0 

0*06 

3*72 

6*61 

9*33 

8*45 

9*46 

17-9 

0*08 

2*69 

4-56 j 

7-24 

6*25 

7*26 

13*6 

0*10 

2-08 

3*91 

5*99 

6*0 

6*0 

11*0 

0*12 

1*68 

3*48 

6*16 

4*17 

6*17 

9*34 

014 

1*399 

3*17 

4*57 

3*69 

4*69 

8*18 

0*16 

1*185 

2*945 

4*13 

3*12 

4*12 

7*24 


For currents up to the standstill current of the cascade 
set the torque of a single motor follows almost a linear 
law, the droop of the curves being exceedingly small. 
On the other hand, the curves for the cascade motors 



working normally 


Fig. 8,—Curves showing torque of cascade motors. 


other investigations, that if induction motors are to 
be operated in cascade with any success their magnetic 
circuits * must be very carefully designed and every 
form of leakage reduced to an absolute minimum. 

To complete the circle diagram it is necessary to 
include , the circle giving the secondary current of the 
auxiliary motor. This is worked out as follows:— • 

Primary current in auxiliary motor 

=r secondary current in main motor 
= GK 

Secondary current in auxiliary motor = aC 



Fig. 9.—Curves showing torque of single motor. 

Referred to axes we have : 

a?' co-ordinate of point a = cos a 
3/' co-ordinate of point a = Ai 


droop very quickly, especially those having a high 
dispersion coefficient. 

Fig. 10 gives the power factors Ki and \ here 
again the inferiority of the cascade motor is apparent, 
the maximum possiDle power factor being only 0*76 when 
the leakage is so smafii that a » 0 * 04 . 

Fig, II gives the ratios T-yfT^ (= KijK^. 

The study of these curves indicates, perhaps evon 
more emphatically than has already been proved by 


Transforming to xy axes we have, from 


X 

X 

y 


Now 


a?' cos 0 + 2/' sin 0 and 2/ = 3/' cos 0 — a?' sin 0, 
2^*1 cos a cos 0 + Ai ^2 0 

— cos a sin 0 + ^2 0 




debs 0*‘ 

(2A1A2 — 1) cos a 


and 


^ d sin 0 . 

- 2Ai(AiA2 - 1) 
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Table 2 . 


Current 

f 

Tx 


T2 

Ka 

2-5 

1-33 

cr = 

0-533 

= 0-04 

2-18 1 

0-872 

3 

1-96 

0-65 

2-695 

0-90 

4 

2-92 

0-73 

3-684 

0-921 

5 

3-75 

0-75 

4-630 

0-926 

6 

4-464 

0-744 

6-62 

0-92 

7 

5-033 

0-719 

6-405 

0-915 

8 

5-456 

0-682 

7-24 

0-906 

9 

5-742 

0-638 

8*08 

0-898 

10 

5-78 

0-578 

8-85 

0-885 

11 

5-60 

0-50 ' 

9-67 

0-87 

12 

4-80 

0-40 

10-224 

0-852 

13 

3-19 

0-245 

10*86 

0-835 

2-5 

1-26 . 

O ’ = 

0-504 

::: 0-06 

2-14 

0-856 

3 

1*85 

. 0-62 

2-63 

0-877 

4 

2-63 

0-668 

3-57 

0-892 

5 

3-24 

. 0-648 

4*45 

0-89 

6 

3-61 

* 0-602 

6-28 

0-88 

7 

3-70 

0-529 

6-07 

0-867 

8 

3*30 

0-413 

6-72 

0-840 

9 

2-00 

0-222 

7-33 

1 0-814 


it=0-08 


<r = 0-10 


2-6 

3 

4 
6 

5*5 


2*6 

3-0 

3 - 6 

4 - 0 
4-5 
3-0 


2-5 

3*0 

3*5 

4*0 

4-5 


2-6 

3 - 0 
3*5 

4 - 0 


xa9, 

1 - 67 

2 - 03 
1-98 
l - 5 i 


13 

45 

63 

68 

>49 

•83 


0-476 

0-523 

0-508 

0*396 

0-287 


0-452 

0-483 

0*465 

0-42 

0-331 

0-166 


2*07 

2*49 

3 - 31 

4 - 0 
4*31 

0*12 

2*0 

2*42 

2-80 

3*16 

3*47 

3*72 


1-07 

1*31 

1-4 

1-23 

0*45 


0*428 

0-437 

0-399 

0-308 

0-100 


r = 0-14 

1 - 95 

2 - 35 

2 - 7 

3 - 01 


iy==0*16 


2*1 *-^1 
¥2 if* 


0*61 
0*722 
0-792 
0*82 
0-808 
•785 
-755 
•709 
•653 
•574 
•469 
•293 


0 - 

0- 

0- 

0- 

0- 

0- 

0 - 


2-6 

1-22 

0-488 

2-10 

0-840 

3 

1-68 

0-560 

• 2-66 

0-863 

4 

2*36 

0-589 

3-45 

0-862 

5 

2*67 

0-534 

4-24 

0-848 

6 

2454 

0-423 

4-92 

0-820 

7 

1*34 

0-191 

5-61 

0-787 


0-828 

0-830 

0-828 

0-800 

0:785 


0-800 

0-807 

0-800 

0-790 

0-772 

0-744 


0-780 

0-783 

0-771 

0-753 

0-725 


0-59 

0-702 

0-739 

0-728 

0-686 

0-61 

0-49 

0-272 


0*58 

0-655 

0-680 

0-63 

0-516 

0-243 


0*573 

0 - 63.1 

0-613 

0-495 

0*366 


0*565 

0-600 

0-681 

0-631 

0*429 

0-223 


0-99 

* 0-396 

1*88 .1 

0-752 

1-16 

0-387 

2-26 

0-763 

1*12 

0-320 

2-68 

. 0-737 

0-61 

0-152 

2-84 

0-710 


d cos2 6 


d sin® 0 


Hence » = - 1) '2(hh “ i) 


d 


r--i|{2AA-l-~s=9} 


^(^ 1^2 — (2A1A2 ' 

= P ( 4 AiA 2 - 3 - cos 20 ) 

= X co-ordinate of point G referred to K as 
origin 

dcos0sin0 d cos 6 sin 0 

^ “ ^7-^1) (2A1A2 - i) 

• d cos 0 sin 0 

“ 2(A^-"ir(2AiA2 - 1) 

= P sin 20 

= y co-ordinate of point G. 


559 

558 

519 

408 

138 


0-527 

0-511 

0-435 

0-215 



Hence the vector Oads always equal and parallel to 
the vector GK, and points O and G are always located 

on the X axis. ^ . i' r 

Again, the locus of G is the current circle of the 

main motor, hence the locus of a,'' i.e. the extrenuty 
df the secondary current vector of the auxiliary motor, 
is a circle with radius equal to that of the main motor 
circle, and with its centre located on the x axis distant 

KL + radius of main motor cirde 

_—- from the origin. 

4(AiA2 — 1) ( 2 A 1 A 2 —1) 

This circle cuts the x axis at N, where ON = KL*. 
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Now the torque of the main motor is given by the 
length of the perpendicular dropped from the working 
point on the stator current circle. Hence the torque of 
the auxiliary motor will be given by the length of the 
perpendicular dropped from the working point on the 
circle representing its own stator current. But these 
two circles have been proved to be identical (except 
that the centre of one is displaced along the x axis 
relatively to the other). Hence the two. perpendiculars 
will be equal, and therefore the torque developed by the 
auxiliary motor is equal to that of the main motor. 

Next consider the locus of the point C, the other 
extremity of the secondary current vector of the auxiliary 
motor. 



and power factor of-a single motor. 


Now the angle OCN is a right angle; hence, since 
ON lies along the 'x axis, ON must be the diameter of the 
semicircle which gives the locus of C. Therefore N is a 


d 

fixed point, distant - 

But ^1^2 ~ 


Yj from the origin. 
1 +or 


Therefore 


ON = 


1 


= KL 


Hence the semicircles giving the locus of the points 
a ” and " c are tangential at N. 

The change of phase of the voltage applied to the 
auxiliary machine can be deduced from the diagram. 
The supply voltage is represented in phase by the OY 
axis, which is fixed ; the P.D. applied to the auxiliary 
motor is represented in phase by the perpendicular to 
its magnetizing current, that is by the perpendicular 
to OD. Hence the difierence in phase = z. POD say,, 

(see Figs. 2 and 3). 

Let Z.DOQ = y 

Now GK is equal and parallel to OA 

Therefore Z.GKL = Z.AOL = (a — 0) 


Again, joining GL, we have GL parallel ^o aN. 
Therefore z. KGL = z. OaN = Z. aOY' — 90 — a 

Also Z.GKL = 180 - {(o - 0) + (90 - a)} = 90 -I- (?■ 
Therefore .^.GML = 6 


Hence, as the current changes from no load to standstill, 
6 varies from 0® to 90®. 

The co-ordinates of D with respect to the axes 
are: 

X* = A2 2-^1 ^os a ; y' 2^2 (^1^2 1) 


Therefore 


. ' __ 2 /' __ 2 ^2 (A 1A2 — f) 

tany-^, - 


Referred to x'y^ axes we have: 

x' co-ordinate = 2*^1 a ; y' co-ordinate = 0 
Hence referred to xy axes we have 

X = 2-^1 cos a cos 0 ; 2/ = — cos a sin 0 

Therefore .x^ 2/^ = 2 ^ cos^ a — 


and 


OC= + 


_ 

(2A1A2 - 1 ) 


cos d 


This is in the form of the polar equation to a circle, 

d 

hence the locus of C is a semicircle of radius ^ 

d 

with its centre on the x axis distant 2 (2X A ' o" —~1) 
the origin.* 

* It should be noted that although C lies on a semicircle on 
Oa(= 2 i?’i) as diameter, this semicircle is only drawn to help in t|»e 
construction of the diagram.. It is not a fixed semicircle because 
its diameter ^Fi is not fixed. 


_ (A1A2 — 1) tan a 

A1A2 

since Ai. z-fa = 2^1 sin a. 

- Now cos a sin 0 (2A1A2 — 1) = 2 sin a cos 0 (AjAa — 1) 
(2 AiA 2 — 1) sin 0 


Therefore 


tan a = 


2 {AiA 2 — 1) cos 0 

(2A1A2 — 1 ) . a 
-2(AiAz-l)*^“^ 


. (AiA2-l){2AiA2-l)*„a 

Therefore tan y-^-^_-.^^.-_--tan0. 


2?+ 2 
= K tan 0 (say) 
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Hence, as the current varies from no load to stand¬ 
still, y varies from 0® to 90®, and therefore the phase 
of the potential difference applied to the auxiliary 
motor relative to the supply potential difference, which 
is given by the angle j8(= Q — y), varies from 0® to a 
maximum, and then falls to 0® again. 

The expression for jS is worked out as below, although 
it is of greater theoretical than practical value. 

Let the quantities r, R, c and a have the significance 
'shown in Fig. 7. Then 


Again, tan [d — y) 


Therefore 

^ = {0 - y) 


tan d — tan y 
1 + tan 6 tan y 


(1 — K) tan Q 
1 + tan^ d 
>2 — (c — a)2 




It ^ a cos d 

= jK2 _|- — 2JKc cos 6 = cos- 6 + — 2ac cos^ d 

Therefore 


^2 _ ^ 

Cos2^= ^ • 


and 


2ac — 

^ ^ r2 — {c — a)2 
tan® 6 =- ^ 

o3 — 


= tan-l r (1 - -g)V[(<^ - -(<>- «)^>] ~| 

L (c® — r®) — — (e — a)®} J 

This is equal to zero when 

r = (c — a), the no-load current, 
or when r = c, the standstill current. 


PROCEEDINGS OF THE INSTITUTION. 


24 th meeting of THE WIRELESS SECTION, 8 NOVEMBER, 1922. 
(Held in the Institution Lecture Theatre.) 


Professor G. W. O. Ho^e, D.Sc., Chairman of the 
Wireless Section, took the chair at 6 p.m. 

The minutes of the meeting of the Wireless Section 
held* on the Jth June, 1922, were taken as read, and 
were confirmed and signed. 


A paper by Mr. R. L. Smith-Rose, M.Sc‘, Associate 
Member, and Mr. R. H. Barfield, B.Sc., Student, 
entitled " The Effect of Local Conditions on Radio Direc¬ 
tion-Finding Installations(see page 179), was read and 
discussed and the meeting terminated at 7.46 p.m. 


687 th ordinary MEETING, 16 NOVEMBER, 1922. 


(Held in the Institution Lecture Theatre.) 


Mr. F, Gill, O.B .E., President, took the chair at 6 p.m. 

The minutes# of the Ordinary Meeting of the 2nd 
November, 1922, vrexe taken as read, and were confirmed 
and signed, 

Messrs. J. W. Fyfe and A. H. Allen were appointed 
scrutineers of the ballot for the election; and transfer 
of members and, at the end of the meeUng, the result 
of the ballot was declared as follows;— 

Elections . 

Members. 

Clark, George Muirhead. 

Farmer, Frank Malcolm, M.E. 


Associate Members —continued. 


Earnshaw, Vincent Rees. 
Eugster, Hans, 

Ford, Albert Edwin. 
Frampton, Frank Edward. 
Griffiths, William. 
Holbeach, Constantine 
Hugh. 

Joscelyne, Alfred Bamford. 
Lee, Robert Henry. 
Minton, Richard Caldwell, 
B.Sc. 

Newton, Charles Ernest. 


Noyes, Henry Sebastian. 
Orling, Axel. 

Osborn, William Marshall. 
Parsons, Reginald Cole. 
B.Sc. 

Pearse, Harold Leslie. 
Ross, William. 

Rowell, William Nelson. 
Sell, Lawrence Jordan. 
Smith, Dugald, B.Sc. 
(Eng.). ‘ 

Triggs, Edward Harold H. 


Associate Members. 

Brown, Arthur. 

Bryant, Harold Samuel. 


Graduates. 


Allen, Francis John C. 
Andean, Thomas John. 
Andi'ews, Edward. 
Bagnold, Ralph Alger, 
Capt,, R.C.S.. 

Banks, John 
Baxter, William. 
Boelsterli, Arthur, 

VOL. 61. 


Clark, Frederick Henry. 
Clissold, George William U. 
Cooke-Snith, Henry. 
Currie, Djpcan Douglas, 
do Amaral, Augusto Basto 
F. 


Atkinson, WellesleySharpe. 
Bassett-Lowke, Harold 
Austin. 

Bournes, Norman. 

Bunting, Rowland. 

Cook, Frederick Charles. 
DiJton, Charles Douglas H. 
Earle, Robert Erasmus. 


Faulkner, Arthur Spencer. 
Llewellyn-Jones, Ivor. 
ILowe, Walter. 

McGrath, Francis Albert, 

b.e; 

Rogers, Henry Kenneth. 
Rowson, Leslie. 

Witt, Sidney Herbert. 

21 
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Students. 


Associate to Associate Member. 


Abbott, Albert James. 
Anderson, Charles. 
Anderson, John Robertson. 
Andrew, Thomas Stuart. 
Baggaley, C3nil Frank. 
Ball, Reginald Donahoe. 
Bell, WiUiam Henry H, 
Benjamin, Albert Hansen. 
Bennett, Wilfred. 

Bootli, William Leslie. 
Bowers, Wilfred Edward H. 
Bowker, Eric George. 
Brewer, Arthur. 

Brewin, James Edwin. 
Britnell, Wilfred Varney. 
Bryan, Ernest Alfred J. 
Carter, Charles John E. 
‘Ohakravarti, Girindra 
Narayan. 

Chalk) Stewart Leonard. 
Clarke, Henry Rowland. 
Clewett, William Henry. 
Clinton, James Stanley. 
Cocks, Maurice Hubert. 
Collyns, Charles Henry A. 
Cooke, Conrad Reginald. 
Couch, Charles John. 

Das, Jatindranath. 

Datta, Naren, B.Sc. 
Donaldson, Thomas. 
Eccleston, Robert John, 
Ellis, Arthur Eric. 

Ellis^ Cecil Maurice. 

Ellis, Harold. 

Fewings, William Francis. 
Fothergill, John Buddie. 
Francis, Richard Brynmor. 
Goodman, Reginald Alfred. 
Gresswell, William Finlay. 
Hardy, George Gordon. 
Hellier, William Herbert M. 
Heslop, John Pattison. 


Hogg, William. 

Horsfall, Leslie A. 

Innes, James Albert. 
Johnson, Eric Mark. 
Keeley, Donald. 

Lewis, Walter. 

Lisle, Patrick St. John. 
Lockett, Thomas Herbert. 
McCulloch, Reginald An¬ 
drew. 

McNab, John. 

Manning, Charles Joseph. 
Matthews, Leslie Albert. 
Miller, William Henry. 
Mitchell, Henry Lloyd. 
Mitchell, Wallis. 

Morgan, Cecil Montagu. 
Mossman, Conrade Eric. 
Parsons, Albert George. 
Pearce, Ivor Stanley. 

Peel, Edward UUathorne. 
Penn, Herbert Austin. 
Reed, Arthur Weston. 
Rees, Handel. 

Re3molds, Leigh Travis. 
Ross, Burton William. 
Ryder, John Hampson, 
B.Eng. 

Scott, William George, 
B.Sc. (Eng.). 

Simpson, Henry GreefE, 
Smith, Cyril Belfield. 
Smithson, Alfred. 

Stainsby, James William. 
Tucker, Dan Keith. 
Wheeler, Henry. 

Williams, Alec Duncan, 
Williamson, Arthur. 

Wolfe, Standish Smythe. 
Wood, George William. 
Woodford, Charles George 
A. 


Transfers. 

Associate Member to Member. 

Davis, Albert Lewis, Capt., Lee, Harrie Tomlinson. 
RA.F. Slater, John Mackey L. 

Wilson, William. 


Associate to Member. 

9ell, John Edward. Swallow, Maurice Gustave 

Starling, Frank Henry. S. 

Graduate to Associate Member, 

Berriman, Robert Harrold. Larkworthy, Ralph. 
Calogreedy, Henry Charles. Leaver, Henry. 

Davison, Russell Hawes. Messer, William Gustave. 
Firth, Charles Roy H., Rogers, Arthur Harry E. 
Lieut. Sparks, Cedric Harold. 

Student to Associate Member, 

Balmford, Edgar. Field, Harold Victor,' 

Milln^r, William, B.Sc, 


Barnes, Cuthbert Wheel- Naftel, Percy Hartley, 
don. Read, Richard Francis. 

Smart, William Charles. 

Student to Graduate. 

Armstrong, Stanley Igna- Butler, Archibald Stephen. 

tins. Gabbott, Thomas. 

Blazey, Norman Claude. Molle, George William;. 
Boldy, Tigran David. Morcom, Herbert Geoffrey. 

The following list of donations was taken as read, 
and the thanks of the meeting were accorded to the 
donors :— ^ 

Library. —^The Air Ministry (Meteorological Office), 
The American Rolling Mill Company, The Astronomer 
Royal, A. H. Avery, Lieut.-Col. B. C. Battye, Messrs. 
Benn Brothers, Ltd., E. Bennett, Ch. Beranger, Messrs. 
Blackie & Son, Ltd., The Borough Electrical Engineer 
of Stepney, The British Engineering Standards Associa¬ 
tion, The Bureau of Mines (British Columbia), F. W. 
Carter, The Chief Inspector of Factories and Workshops, 
Messrs. Constable & Co., Ltd., The Electrical Press, 
Ltd., W. Haddon, P; J. Haler, The High Commissioner 
of the Union of South Africa, The Imperial Mineral 
Resources Bureau, The Institution of Professional Civil 
Servants, The Institution of Railway Signal Engineers, 
The Institution of Royal Engineers, The John Fritz 
Medal Board of Award, P. Kemp, A. E. Kennelly, 
The Lancashire ahd Che^ire Coal Research Association, 
Messrs. S. Lattes & Co., I^loyd's Register of Shipping, 
Messrs. Longmans, Green & Co., F. W. Main, J. W. 
Meares, C.I..E., Messrs. Oerlikon, Ltd., Lieut.-Col. 
W. A. J. O'Meara, C.M.G., R.E., L. pulton, l?an- 
American Petroleum and Transport Co., E. Parry, 
L. J. Peters, Messrs. Sir Isaac Pitman & Sons, Ltd., 
Messrs. Radio Instruments, Ltd., Messrs. S. Rentell & Co., 
Ltd., The Signals Experimental Establishment (Wool¬ 
wich), C. F. Smith, The Surveyor-General of India, 
Messrs. E. & F. N. Spon, Ltd.,’ W. T. Taylor, Union 
d'Electricit6, H. E. Winiperis, The Wireless Press, Ltd., 
and A. P. Young. 

The President: I have to announce that the 
Council have unanimously elected Professor J. A. 
Fleming an Honorary Member of the Institution. 
Dr. Fleming is so well Iqiown to all of you that 
almost anything I could say would be superfluous, 
but the fact that one of the first announcements I have 
to make as President is that he has been elected an 
Honorary Member is a great pleasure to me, particularly 
because of his researches in connection witli tlie 
thermionic valve. 

I. have also to announce that, with the object of 
encouraging more spontaneous discussion, in future 
not more than two or three members will be invited 
officially to take part in discussions and that* the 
Council will rely on other members coming forward 
to speak. 

A paper by the late Dr. Gisbert Kapp, Past-President, 
entitled '*The Improvement of Power Factor" (see 
page 89), was resfd by Prof. Miles Walker and discussed, 
and the meeting; terminated at 7.45 p.m. 
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A DIRECT-READING THERMIONIC VOLTMETER, AND ITS APPLICATIONS. 

By E. B. Moullin, M.A. 

(Paper received 2nd November, and read before the Wireless Section Qih December, 1922.) 


Summary. 

The conditions suitable for constructing a sensitive 
direct-reading voltmeter from a triode rectifier are dis¬ 
cussed and two distinct forms of completed thermionic 
voltmeter are described. The power absorbed by a rectider 
is .discussed theoretically, and a description is given of the 
experimental methods of measuring the effective resistance 
of a thermionic voltmeter. Possible causes of frequency 
errors in the calibration of the voltmeter are considered 
and the results of experiments are quoted, showing that 
a calibration made at low frequencies is reliable up to at 
least one million periods per second. Several typical illus¬ 
trations are given of the uses of a thermionic voltmeter in 
measurements at both high and low frequencies. 


Table of Contents. 

(1) Introduction. 

(2) Conditions suitable for using a triode rectifier as a 

direct^reading voltmeter. 

(3) Description of two tj^es of .completed instru¬ 

ments. 

(4) The power delivered by an alte'mating E.M.F. 

to an asymmetric conductor. 

j[6) Method of calibration and accuracy tests at high 

frequency. 

(6) Some applications of the thermionic voltmeter. 

{a) Use as a high-frequency milliammetcr. 

(b) Direct measurement of very small self and 

mutual inductances. 

(c) Direct measurement of high-frequency resist¬ 

ance. 

(d) IS^e^urement of the amplification produced 

by triode amplifiers. 

(e) Measurement of signal strengths in wireless 

telegraphy. 

(/) Determination* of the power factor of con- 
' densers. 

(g) Measurement of stray magnetic fields. 

(^) Miscellaneous. 

(1) Introduction. 

There are many occasions in alternating-current work 
when it is desitable to measure snqall electromotive 
forces of the order of one or two volts; such measure¬ 
ments are attended with great difficulty in cases where 
it is essential -thdt they shall not absorb any appreciable 
power from the circuit, that is being tested. Practically 
•the only instrument hitherto available has been that 
most useful piece#of apparatus an altemating-c*urrent 
potentiometer, but the use of -this is precluded in 
measurements at high frequency. 

The well-known thermionic vacuum -tube forms a most 
ponvenient method of measuring ajterpat&g electro¬ 


motive forces of any frequency, because owing to its 
asymmetric conductivity an alternating E.M.F., of which 
the mean value is zero, produces an alternating cur¬ 
rent whose mean value is not zero, and the said mean 
value is readily measured by an ordinary milliam- 
meter or micro-ammeter. A rectifier and galvanometer, 
have long been used in laboratory measurements as a 
rough indicator for high-frequency work. 

If a suitably arranged three-electrode vacuum tube 
is used as the asymmetric conductor, the measurements 
need not absorb any power from the circuitthat is 
tested, for the power absorbed by the micro-ammeter 
is provided by a subsidiary battery. 

The two methods of using the triode valve as a 
rectifier are well known:. one method employs the 
curvature of the anode current/grid potential charac¬ 
teristic, while the other method employs the curvature 
of the grid current/grid potential characteristic. 

(2) Conditions Suitable for using a Triode Recti¬ 
fier AS a Direct-reading Voltmeter. 

There exists, as well as the change of mean anode 
current that arises from the application of an alter¬ 
nating E.M.F. between grid and filament, an anode 
current produced solely by the anode battery; conse¬ 
quently, unless the change of mean anode current 
arising from the alternating E.M.F. that is to be 
measured is of the same order as -the anode current 
flowing under the action of the anode battery, it cannot 
be satisfactorily measured by a galvanometer placed 
direct in the anode circuit. This is particularly the 
case when employing the curvature of the anode current 
characteristic under the conditions which make for the 
greatest possible change of mean anode current for a 
given alternating E.M.F; applied to the grid. For 
example, an anode battery of 60 or 60 V will, in an 
R triode, produce an anode current of about 1 000 
and an E.M.F. of 1*6 volts (R.M.S.) applied to the 
grid will then increase the mean anode current by 
about 30 juA. In order that this comparatively small 
change in mean anode current can be accurately measm;ed, 
some balance method must be employed.* 

A balance method, though very suitable for many 
laboratory measurements, does not lend, itself to. the 
construction of a simple and portable direct-reading 
:foltmeter. In such an instrument, unlike a rectifier 
for wireless signals, the aini is to make the change of 
mean anode current consequent ugpn the application to 
the grid of some specified E.M.F.«as large as possible in 
comparison with the anode current flowing under the 
action of the anode ba*ttery. 

* See E. B. Moullin and L. B. Turner: **The Thermionic 
Triode Bectifier,” Journal 1922, vol. 60, p. 708. 
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With a cumulative grid rectifier, an alternating 
E M F. of 3 volts can be made to produce a decrease 
of mean anode current of about 500 (lA when ® 

current produced by the anode battery a atout 1 000 fiA , 
consequently, a galvanometer placed direct in the 
anode circuit can be used to measure the change pro¬ 
duced by the appUcation of an alternating E.M.F., 
and there is no need to use a balance method. 

An anode curvature rectifier may be employed without 
balance method if the usual anode battery is dispensed 
with, and the anode connected through a gal^nometer 
to the positive side of the filament. An E.M.F. of 
l-S volts (R.M.S.) applied to the grid will lien produ^ 
an increase of mean anode current of about 10 /a A. 

If a 60-volt anode battery bad been employed, this 
• increase instead of bang 10 /aA would have been BO /aA. 
which is about 4 per cent -of the anode current flo^g 
under the action of the anode battery; but toe 10 /aA 
change with no anode battery is a 400-per cent increase 
on the anode current flowing when the anode k simply 
connected to the positive side of toe filan^t, a con¬ 
dition particularly suitable for using a taode as a 
simple voltmeter. The lank of anode battery is not 
only suitable in this respect but it obviously increases 
the portability of the instrument. 

■ ^3) Description of Completed Instruments. 

Fig 1 shows a completed instrument working with 
frrid rectification, and Fig. 2 a diagram of connection. 
It is found that the calibration is inappreaably affected 
by small changes of anode or filament voltages, so that 
there is no necessity to reproduce accmatdy 
ditions obtai^g at the tone of calibration.* Smce the 
change of mean anode current consequent upon toe 
application of a given E.M.F. to toe grid « ^^y 
independent of small changes of anode poten^l. it is 
possible to adjust for these small changes 
of the zero adjuster of the galvanometer. With toe 
valve switched on and the anode battery connect^, 
the pointer is simply brought to the zero of the scale 
which in this case corresponds to toe full deflation of 
the instrument.* One special advantage of this type 
of instrument is that it is unaffected by toe existence 
of a steady potential difference between its ternun^; 
it can, in consequence, be used to measure an 

E.M.F. superposed upon a steady E.M.J?. ot 
large or small value. 

Fig 3 shows an instrument utihzmg anode current 
curvainre for rectification. No separate ^ode batte^ 
is employed and all that is required to complete toe 
instrument for use is a 6-volt filament batt^. 
instroment is very robust mechanically and, unlike 
thermo-couples, it cannot be injured by an overload. 
It is also as easy "to use and almost as portable as an 
ordinary direct-current voltmeter. _ 

Fig 4 shows a diagram of connections, from whiCh 
it wm be seen that toe 6-volt filament battery is not 
used to apply 6 voljfs to toe filament, but to promde 
a means S making the grid potential 1;6 V negative, 
in order to reduce grief damping to a negligible amount. 
This method of fixing the . grid potential allows it to 

* For a more detaUed desoripton of this insti^ent, see Wire¬ 
less World and Radio Review, 1922, vd. 10, p. 1. 


be made about 0-26V more negative than it co^d 
have been if a single small dry cell were used for toe 
purpose, and it also obviates toe risk of toe cahbration 
being upset by toe deterioration of a small cell. 

In order to ensure an indefinitely long life to toe 
valve, only 3-6 V is applied to the filament; tins is 
also toe case with the cumulative grid type instrument 
already described. 



KlG. 1. 

The rate of change of mean"anode current with respect 
to alternating grid potential teiids to increase and 
so a high resistance is inserted in the anode cireuit 
with a view to improving the linearity of toe scale and 
thereby increasing the range of the instrument; it 
does not, however, reduce the sensitivity of toe first 
part of toe scale. It is readily seen that by causmg 



toe increasing mean anode current to pass through 
a high resistance toe mean potential of the anode is 
d ecr eased by an amount that is proportional to the 
increase of mean anode current. The rate of increase 
of anodfe current is lessened by toe reduction 

of anode potential, and by a suitable choice of anode 
resistance toe volt sCale can be made as nearly linear as 
inay be desired, ^ 

A typical calibration curve is reproduced in Fig. 5 
and is seen to be vqry nearly straight over the greater 
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part of the range. The voltmeter is of course used 
without a calibration curve and, as may be seen in 
Fig. 3, its scale is engraved direct in volts. 

Since the filament battery is the only variable factor 
in the whole instrument the constancy of the calibration 
depends on it alone. The exact conditions obtaining 
sJb the time of calibration are readily reproduced by 






V 

L 1 


r 1 






"S tB 30000 oam& 

C -i/tT 


the obtaining at calibration axe accurately 

reproduced. If the filament current had been greater 
than at the time of calibration the galvanometer would 
have deflected further than the zero of the volt scale, 
and vice versa. 

It will be noticed that a conducting path must at all 
timwi exist between the " volt ten^ais " of the instru¬ 
ment, for otherwise the grid potential will not be correct. 
For example, this type of voltmeter.cannot be used to 
measure the potential difference across one of two 
condensers in series, for it is then inverted into a 
cumulative grid reefer, and the calibration is upsrt. 
Also the calibration is obviously upset if any fte^y 
potential difference exists between the " volt terminal^ 
Neither of these slight disabilities is shared by the 
form of voltmeter shown in Fig. 1, so -ttat there are 
certain points in favour of the less portable form of 
instrument. 

A triode can be used to measure an alteraatmg 
E.M.F. by employing what is usually called the “ slide- 
back method of measurement." It has sever^ times 


Fig. 3. 

means of the filament rheostat and the indications of 
th*e galvanometer. Having ascertained that a con¬ 
ducting path exists between the “volt temma^ of 
the instrument so as to ensure that the potenti^ of 
the grid will be fixed, the valve is switched on and the 
filament rheostat adjusted so as to bring the galvano¬ 
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meter to the zero of the volt scale, which, as can be 
seen in Fig. 3 , does not correspond to zero of ^e 
galvanometer, njsrked “A." ^ 

Lls been made, the anode current flowmg is ae s^e 
Tatlhe time if calibration, ^d « dep^^ 
on the grid, filament and anode pcffcentials, all o 
in this instrument depend on the filament current only, 


Fig. 5. 

been shown that the value of tlie " slide-back voltege ” 

?s not a toect measure of the E.M.F. applied to^the- 
valve: consequently, unless calibrated, 
method cannot be considered to be 
.-rtiioTi indicator and if calibrated it suffers from the 

• X\e slide-back, the effect of the anode 

bab^ is nullified by mafcng the grid 10 or 11 
««^lXSlof til® grid stijl more negative 

JSTdog cum»lativ. grid m the 

' p. 9. 
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change of mean anode current, consequent: upon the 
application of an alternating E.M.F. to the grid, is 
measured by a balance method equivalent to that 
referred to in Section (2) above. The voltmeter proper 
is preceded by a two-stage resistance amplifier, the 
amplification of which must depend to a great extent 
upon the frequency. Messrs. Bloch recommend that 
the instrument should always be calibrated at the 
frequency to be used. 

The outstanding feature of the author's form of 
grid-type voltmeter is that the anode battery is chosen 
so that the decrease of mean anode current bears a 
maximum ratio to the anode current produced by 
the anode battery, thus allowing balance methods 
to be dispensed with and the instrument dial to be 
calibrated direct. This is also the condition which 
makes the calibration sensibly independent of small 
changes in the E.M.F.'s of the batteries or in the grid 
leak resistance. A very simple direct-reading instru¬ 
ment results, and no special care need be taken to 
reproduce closely the calibrating conditions. The out¬ 
standing points about the author's form of anode t 3 qpe 
voltmeter are, first, the complete absence of separate 
anode or grid batteries, the only extraneous apparatus 
required being a nominally 6-volt accumulator: and 
secondly, the exact reproduction of the calibrating con¬ 
ditions by the indication of the galvanometer. So far as 
the author is aware, the methods of application and 
construction of both types are original, and he believes 
that they make simpler and more portable instruments 
than an 3 d:hing yet described. 


Let 

then 


e = a sin 


i + a sin ptf'{vo) 

and 


(^o) + 


ie=^ a sin ptf{vo) + sin^ ptf {vq) 




'2,vfp 

I iedt 






mean power 

= <S2{/'(«’o)+i<Sr"(«>o)} ••••(!) 

where S = mean-square value of e. 



Fig. 7. 


(4) The Power Delivered by an Alternating 
E.M.F e TO AN Asymmetric Conductor. 

The two great advantages of a thermionic voltmeter 
are, first, that its readings are independent of frequency, 
and, secondly, but of no less importance, that it can 
be made to absorb negligible power from a circuit. 
•The efiective resistance of both types of instrument 
can be measured, but it is interesting to obtain a 
theoretical expression for the power absorbed by an 
asymmetric conductor. 



Fig. 6. 


The efiective resistance is, of course, not % constant 
but is a function of 6^. 

Now, as is well known, the mean value of the current 
is given by the expression 

+ . . ( 2 ) 



Let the asymmetric conductor (Fig; 6) have a curved^ 
characteristic i^f (v) which can’ be represented by 
a convergent infinite series. 

Then Vo + ^ 

and 7 +• • • < 


so that it is seen that the mean current taken by a 
rectifier is no indication of the power absorbed by it 
from the source of alternating E.M.F., except in so 
far as there may be a relation between*/'(vo) and /"(t?o)» 
/"'(vp) and/""(vo)- 

Direct, high-frequency measurements have been made 
of the efiective resistance of an anode-type voltmeter. 
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The grid current/grid potential curve for the instru¬ 
ment tested is shown in Fig. 7, while Fig. 8 shows the 
mean grid current as a function of the E.M.F. (at 
10® periods per sec.) applied to the grid. From Fig. 7, 
with or without the help of Fig. 8, it may be found 
that for a mean grid potential of 1-3 V (negative) the 
value of /(i^o) N /xA/V and tliat the value of 
f'\vQ) 4/xA/V/V/V; and hence, from (1) above, the 

effective resistance q": 35 ^]r ^2 i^egohms. Tliis is 
approximately 0*75 megohm if d = 1V, and 0 • 4 megohm 
if<S=l*5V. 

To make a direct high-frequency test of the effective 
resistance, a circuit was arranged as in Fig. 9 in winch 
L = 480 ju.H, and C = 6 270 ^lc/xF, anfl R measured at 
10® periods per sec. (p.p.s.) was 15 ohms. The^ circuit 
was fed by a sustained alternating E.M.F. at 10® p.p.s., 
the current in the circuit was measured by a vacuo 
thermo-junction, and the resonance potential developed 
across the condenser was measured by an anode-type 
thermionic voltmeter. 

By observing the thermo-junction reading with and 
•without the voltmeter connected across the condenser 



decrease of current would have been 0*86 per cent, 
so that even at full scale the effective resistance of 
the voltmeter is at least half a megohm, and much 
more at half scale. The power taken at full scale is 
consequently not more than 6 microwatts. A megohm 
resistance substituted for the voltmeter caused a decrease 
in current that was approximately the same as that 
caused by the connection of the instrument. It may 
be noted that, in the particular instrument tested, the 
mean grid potential was only 1 • 3 V negative, whereas 
in later instruments it is always made 1 • 6 V negative, 
with a consequent increase in the effective resistance. 

The effective resistance of the cumulative grid t 3 rpe 
of voltmeter is slightly greater than in tlie anode type, 
because the mean grid potential becomes more and 
more negative with an increasing alternating E.M.F. 
applied to the grid; in fact, the cahbration shows that 
with an E.M.F. of 3V (R.M.S.) apphed to the grid, 
the mean grid potential must be at least 2 • 6 V negative. 

The effective resistance of this type is conveniently 
measured by making two calibration curves low 
frequency: one with a grid condenser, the impedance 
of which is negligible in comparison with the resistance 
of the grid leak, and one with a condenser of known 
and appreciable impedance. From the difference between 
the two calibrations the effective resistance can readily 
be calculated.* 

As the resistance of either type of voltmeter is at 
least half a megohm, there are few measurements in 
which it is necessary to allow for the decrement thereby 
introduced, as the following example will illustrate. 

The decrement introduced into an oscillatory circuit 
3X by a condenser leak of high resistance r is 



it is possible to calculate the effective resistance of the 
voltmeter. Fqr let the effective resistance of the volt- 
meter be denoted by r, -Uien the impedance of the 
circuit consisting of L and R in series with O and r m 


parallel is given by 


+ mr~[ 

i -f- J 

RrafiO^J 


whena>£-^ 





Hence the proportional increase of impedance caused 
by placing r in parallel with C is equal to 


_ _(3) 


Thus, in the particular circuit tested, this Propor¬ 
tionate increase of impedance is equal to 4-3 X 10 /f. 
It was found that by connecting the voltmeter across 
O, the current as gneasured by the thermo-junction was 
reduced by an amount tliat was certainly less than 
1 per cent, when the value of the current 
that the potential difference across CT was 1 • 75 V(R.M.^.). 
Now, if r had been 0*6 megohm, by (3) above the 


Now suppose = 2 000 [jM and O = 200 ^^F (corre¬ 
sponding to A = 1 200 m) and that r = 0- 76 megohm; 

then 8 *== 0*016. ^ . i. * 

In cases where the decrement introduced by the volt¬ 
meter is of importance it can, as already seen, be deter¬ 
mined with sufficient accuracy to enable the necessary 
allowance to be made. 


I Method of Calibeation, and Accuracy Tests 
AT High FREQUENCIES.t 

^ convenient method of calibrating a voltmeter is by 
ans of a potentiometer slide-wire of known resistance 
ich carries a known alternating currmt of any fre- 
mcv. The method is shown diagrammatically m 
is a^ source of alternating current at high or 
mcy. . A is an ammeter and R is the potential ^de, 
ich may conveniently be arranged in 1-ohm s eps. 
ice in a properly designed thermionic voltmeter the 
ibration is nec^arily independent of frequency, rt 
most conveniently effected at 

ordinary commercial power supply, but, if preferred, 
5 ditposal by Professor C. E. Ingbs. 
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it can of course be made in the same manner at high 
frequencies. So long as adequate means are provided 
to ensure that the alternating fluctuations of anode 
potential are negligible at the highest frequency likely 
to be met with, then a calibration made at low frequency 
can alwa}^ be trusted. 

The internal capacities of the triode may cause a 
quadphase grid current to flow which might appreciably 
lower the P.D. to be measured, and also the internal 



capacity will enhance the alternating component of 
anode current, but so long as a sufficiently large con¬ 
denser is connected between the anode and the filament 
there will be no fluctuation of anode potential, and 
neither internal capacities nor anode-circuit impedances 
can upset the low-frequency calibration. Many high- 
frequency tests of the calibration have been made and 
no appreciable change with frequency is observable. 
Figs. 11 and 12 relate to high-frequency tests which 



Fig. 11. 

were made by measuring the P.D. developed across 
known resistances by the passage through them of a 
known high-frequency current. The resistances were 
constructed from, short lengths of fine Eureka wirg 
(36 S.W.G.) and the current was measured by means 
of a fine wire vacuum thermo-junction. 

Fig. 11 shows a relative calibration test of the whole 
scale at 10^ p.p.s. Thg applied E.M.F., as measured by 
the resistance included between the potential terminals 
of the potentiometer, is plotted horizontally an4, 
the voltmeter reading vertically; it can be seen that 


the low-frequency calibration is, over the whole range 
of the scale, truly proportional to the high-frequency 
E.M.F. apphed to the instrument. Fig. 12 shows the 
result of a test on an anode-t 3 q)e voltmeter of the 
calibration .made at 90 p.p.s.; the percentage in¬ 
accuracy of the full-scale reading is shown for fre¬ 
quencies up to half a million per second. Up to 
3 X 10® p.p.s. the 90 p.p.s. calibration is certainly 
correct to less than 1 per cent; at 8 x 10^ p.p.s. 
(A = 380 m) the low-frequency calibration seems to 
be between 3 and 4 per cent too low. This error could 
not be corrected by indefinitely increasing the shunting 
condenser in the anode circuit, and it is very probably 
not due to the voltmeter at all but to the tendency of 
the thermo-juncfion to read high with increasing fre¬ 
quency. Of many other high-frequency tests of the 
voltmeter two more may be cited, one relating to the 
circuit of Fig. 9 and one to an aerial resistance test. 
In Fig. 9 the value of the P.D. across C calculated from 
the capacity, the frequency, and the measured current 
was 1*7 V, whereas the P.D. observed by the voltmeter 
was 1 • 76 V. The resistance at 8 X 10® p.p.s. of a 
small aerial was measured both by substitution and 
by injecting a loiown E.M.F. and measuring by means of 
the voltmeter the current produced. The substitution 



method gave the resistance as 30 ohms and the volt¬ 
meter method as 27*6 ohms. 

The tests and examples quoted above are probably 
sufficient to prove that the calibration made at low 
frequencies can certainly be trusted up to very high 
frequencies^ if adequate precautions are take|n in the 
design and construction of the instrument. It has been 
suggested that low-frequency tests of the general theory 
of rectification are not applicable to the conditions 
obtaining at high frequencies ;* but the above tests would 
suggest that this is not the case. 

It is no doubt possible to obtain a mathematical 
expression for the extent of the error produced by the 
presence in the anode circuit of some stated amount 
of impedance; but as this impedance can always he 
indefinitely reduced by a shunting condenser, an(i in 
practice will always be so reduced, the result of such 
an investigation would be of no practical and of little 
theoretical interest. 

That the presence in the anode circuit of a .small 
impedance can have but very small effect on the cali¬ 
bration can be seen in general terms, for the small 
fluctuations of anode potential must be sensibly in 
quadphase with the fluctuations of grid potential, 
and so add and subtract most from •the anode current 
just at the time when it is near its mean value. In 
the anode type of mstmment described above we may, 

* See discussion on The Tbennionic Triode [as Rectifier/* 
JoufnaUIJBjS., 1922, vol. 60, p. 720. 
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with grcdit accuracy, assume that current flows only 
during the positive half-cycle of E.M.F. If the anode- 
potential fluctuations were exactly in quadphase with 
the grid potential, then there would be no net change 
in the area of the half-cycle of anode current. The 
error must be roughly proportional to the amount by 
which the anode current is de-phased by the impedance, 
or to the ratio between the impedance and the mean 
value of the anode slope resistance. The mean anode 
slope resistance is about 1 megohm, so that to pro¬ 
duce a phase angle of one-tenth of a degree would need, 
at 105 p.p.s,, an inductance of 200 fjM. 

(6) Some Applications of the Thermionic 
Voltmeter. ^ 

A low-reading alternating-current voltmeter of sen¬ 
sibly infinite resistance has a wide range of applications 
for all sorts of measurei]Q.ents whether at wireless fre¬ 
quencies or telephonic frequencies, or at the frequencies 
of ordinary commercial power supply. A few typical 
. applications will be dealt with as follows. 

{a) As a higJi-freqiiency milliommeter, —^By measuring 
the potential developed across a known inductance or 
capacity, the current can be calculated if the frequency 
is known, and in this way the instrument can be used 
to measure extremely small currents. For example. 


inductively from an ordinary buzzer-driven wave-meter. 
The uniformity of the scale makes it a most convement 
instrument for use in plotting reson^ce curves or for 
measuring resistances by a substitution method. 

(h) Direct measurement of very small self and mniuat 
inductances.— of the order of a microhenry 
are as a rule not readily measured either by bridge or 
resonance methods, but by passing through ^ 

high-frequency current of some \ ampere in value they 
can be measured directly by the use of the voltmeter. 
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Fig. U. 

As an example, a coil was made consisting of two turns 
of 32 S.W.G. wire, 6 cm in diameter, the calculated 
value of the inductance being l*86jLtH. The value 
measured by the voltmeter and an ammeter was 1 • 80 /xH 
at 1*6 X 10® p.p.s. Interesting measurements could 
perhaps in this way be made as to the amount by which 
the inductance decreases as the frequency is increased. 

The same method has been used to measure the 
value of -^“iTia lT mutual inductances, either by observing 
the E.M.F, set up in one coil by a known current in 
the otlier, or by measuring the self-inductance of the 


Fig. 13. 

at a frequency of lO^ p.p.s. the current required to 
develop a P.D. of 1 volt across an inductance of 
lOOOOuH i^ about 160/xA. Now, with the most 
sensitive thermo-junction and portable galvanometer 
set obtainable, the smallest current t^t can be measured 
with the same accuracy with which 1 volt can be 
measured, on either of the voltmetars described above, 
is about 6 000 tiA; so that under reasonably favomable 
conf|4tinng the voltmeter used as an ammeter gives a 
sensitivity some 30 times as great as the best th^^ 
junction set and is equally portable. But, where^ 
a thermo-junctioh is very easily burnt out by a smaU 
overload, the thermionic voltmeter cannot be damag^ 
by any amount of overloading. It is obvious that -^e 
sensitivity may be indefinitely .increased by interposing 
a calibrated amplifier between the voltmeter and the 
E.M.F. to be measured, but the above example was 
intended to show the sensitivity of the voltmeter 
without the assistance of extraneous apparatus. [For 
an example of it^use with an amplifier see (e) below.] 
Its supMior sensitivity as compared with that m a 
thermo-junction is often a matter of great practical 
convenience; for instance, the voltmeter can always 
be used as an indicator of resonance in a circuit energised 
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Fig. 15. 

two coils joined in series. A mutual inductance, of 
0-8 uH has been successfully measured in this maimer. 
The^trument is also useful for measuring tiie impe- 
danc^drop across dynamometer ammeters or current 

transfonner$. ‘ ^ 

(c) Direct measurement of high-frequency restsiance. 
The resistance of a conductor can be measured by me 
same method as that just described for meas^g 
inductance; since the " sMn effecf » is only appreciable 
in fairly coarse wires it is necessary to use a wnsider- 
able length unless a high-frequency current of seve^ 
amperes is available. This involves a difficulty, for 
a foot or two of wire must, at high frequencies, have 
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a reactance comparable with its resistance, and if 
the length of wire is doubled back on itself to mini - 
mize its reactance the axial symmetry of the current 
distribution will be disturbed. 

As an example of the method the resistance of a 
doubled length of 18 S.W.G. Eureka wire has been 
measured at various high frequencies. Fig. 13 exhibits 
the observed values of the ratio BJBo plotted against 
the frequency, and Fig. 14 the value of plotted 

against the square of the frequency. The relation be¬ 
tween resistance and frequency for tliis doubled length 

0-131 . 

of 18 S.W.G. wire is given by B^Bq = 1 + 

whereas the theoretical formula for a single length of 

0*16 

this size of wire is BJBq = 1 H—t[qI 2 ~- 

crepancy between the observed and theoretical results 
is no doubt mainly due to the disturbance in the axial 
syjnmetry of the current distribution brought about 
by the close proximity of the return current, a condition 
of affairs that must exist in all stranded conductors. 

r- 



where Ri and R 2 represent equal non-inductive resist¬ 
ances, and K a variable air condenser which is assumed 
to have zero power factor, C represents the condenser 
to be tested, its imperfection being represented by the 
resistance r; <g is a source of alternating E.M.F. of 
any required frequency, and V is the therfmonjic volt¬ 
meter. • 

If the power factor of condenser C is not zero, the 
P.D. across it will differ slightly in phase from the P.D. 
across R 2 , and, even though K is adjusted so as to 
be equal in value to C, the voltmeter V will not read 
zero but a minimum. This minimum reading of V is 
equal to the vector difference between the P.D. across 
C and the P.D. across R 2 . So long as this vector differ¬ 
ence is small compared with <5, the ratio 27/5 will 
measure the angle by which the phase of the current 
through the condensers departs from the ideal '' quad- 
phase condition, or, in othe;; words, the power factor 
of the condenser C. For a given reading of the volt¬ 
meter V, the smallest angle wliich can be measured 
depends simply on the value of fi. The smallest value 
that can be read with an accuracy of 6 per cent is about 
0-5 V, so that the smallest measurable angle is about 
l/(§ radians, or, if g is 300 V, about 12 minutes of arc. 
The accuracy of the method has been tested by using 
an air condenser for C and inserting a known resistance 
for r ; under these conditions r(aOl2 should equal 2F/g. 



(g) Measurement of amplification produced by triode 
amplifiers. —^The voltmeter is useful in constructing 
*high-frequency amplihers, for the ampliffcation ratio 
can be directly measured. The grid t 3 ^e of instru¬ 
ment is most suitable for use with resistance amplifiers, 
for its reading will not be affected by the large, steady 
P.D. existing across the anode resistance. Fig. 16 
shows the curve connecting input and output voltages 
(at l(P p.p.s.) from a two-stage high-frequency amplifier, 
the valves used being of the " R'' pattern with about 
60 V on the anode. 

{e) Measurement of signal strengths in wireless tele-- 
graphy,* —By interposing a simple two-stage amplifier 
between the voltmeter and the aerial tuning coil, and 
without resortihg to retro-action in the aerial, signal 
E.M.F,*sof 300 at 3 X 105 p.p.s* have been accurately 
measured, and signal E.M.F.'s of less than 50 [xV have 
been detected. ' . ^ 

(f) Determination of the power factor of condensers .— 
The power factor of a condenser can be determined in 
a very simple manney by using a grid-t 3 rpe voltmeter 
to measure the P.D. aoross the diagonal of a condenser 
bridge. The scheme of connections is shown in Fig. 16, 

r ♦ See also E. B. Moullin, •‘Observaticms on the Fidd Strength^' 
of Horsea Wireless Station,” Journal I.EtE,, 1922, vol. 61, p, 67; 


As an example of many such tests the following may 
be quoted for a case where O—iC = 6 OOGjit/iF, 
r = 10 000 ohms and the periodicity = 90 p.p.s. The 
observed values of V and S were 1*6 V and 212 V 
respectively, so that 27/(§ = 0-0142, whereas the cal¬ 
culated value of tcji}OI2 = 0*0141. This method has 
been used to measure the power factor of an aerial, 
and incidentally it forms a convenient way of measuring 
the capacity of an aerial. Fig. 17 exhibits the power 
factor of the aerial at the Cambridge University 
Engineering Laboratory at frequencies ranging from 
3 ^ p.p.s. up to 160 p.p.s., the voltage on the aerial 
being 100 V in each case. It may be observed,* in 
passing, that the power factor of the aerial is not 
entirely independent of the frequency, as Fig. 17 seems 
to show, but is appreciably different at frequencies of 
many thousands per second. 

ig) Measurement of stray magnetic fluxes.- —^The ther¬ 
mionic voltmeter affords an ideal means of mapping stray 
alternating magnetic fields. The sensitivity of the instru¬ 
ment permits the search coil being pf few turns and 
small linear dimensions, an important consideration where 
space is very restricted; moreover, as the instrument 
takes no current, tlTe configurations-of the fields to be 
investigated are not disturbed by the presence of the 
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search coil. It is suggested that the method may be 
most useful for investigating the stray fluxes in trans¬ 
formers, or zig-zag leakages in induction motors, and 
other Idndred problems. 

To illustrate the possibilities of the method some 
preliminary investigations have been made of ^ the 
leajsage fluxes occurring in a choking coil with a variable 

air-gap. . .. , 

The form and dimensions of the chokmg coil used, 
are shown in Fig. 18. Magnetizing ^ils of 100 turns 
each were wound centrally on each limb and occupied 
a length of 3 inches; the cross-sectional area of the iron 
was 10*7 cm^. Search coils, each having the same 
number of turns, were wound round the core at the 
points marked AA', BB', CC' and DO' respectively. 
Coil AA' embraced sensibly all the flux threading the 


'^^alable 

“air-gap 



be sensibly proportional to the current through the 
magnetizing windings. 

:i^. 19 relates to a test of the choking cod at a^on- 
stant voltage, the current through the wmdmgs being 
altered by vaiying the length of t 

flux density inside the magnet wmdmgs g 
3 000 lines per cm^ at time of maximum ^ 

percentage leakage of flux between AA BB , 
Ltween AA' and CC'. is plotted a^nst t^ R-MB 
current tlirough the magnetizing mndmp. rrauit 

is seen in each case to be a str^ht Ime, u 
not passing through the origin. The reason w y 
line departs from tlie origin is probably because coil ^ 
was not situated centrally under one of the niagneta^g 
coils. Had this been the case the E.M.F. generated u 
coil AA' would always have been a 
the difference between coils AA' and CC 
been also a Uttle greater. It will be noticed that the 
leakage flux appears to become zero when the 
is 0-6 A. This is exactly the current t^en l^y 
choker with the gap closed up: and m tins 
the search coils axe situated almost symmetncally wi^ 
respect to the flux and would therefore have equ^ 
E.M.F.’s in them, with or without a small amount 
stray flux between them. 
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Fig. 18. 

wiagnfttiMn g coUs, but would have been more advan¬ 
tageously pla<^ centrally underneath one of the ^o 
magneti^g coils. Coil CC' embraces the flux ^at 
issues from the end of the-limb, and this is sensibly 
the same flux that actually crosses the gap and. pMsmg 
through the head-piece, threads coil DD . Coil BB 
placed i inch further down the limb embraces more 
flux than coU CC' by the amount whic^ 
flanVa of the limbs between coils BB and CC. 

AA' and CC', or coils AA' and BB', were jomed 
seri^ but opposing, and the resultant E.M.F. produc^ 
in them was measured by the anode-type thermiomc 
voltmeter. The voltmeter reading is consequently 
proportional to the difference between 
threading the two coUs or, in other wor^, the lealmge 
flux between the two points. Since this leakage flux 
occurs through paths that are mainly air, it must 


Fig. 10. 

(A) Miscellaneotts uses.—Ii the grid-t^e mstrument 
is connected across a resistance placed m ® ^ 

circuit of an alternator, it can be used to measure the 
extent of the small alternating current superposed on 
the steady field current, or it may be used to me^ure 
the voltage ripples of a d.c. dynam^o. Both ^ese 
application depend on the fact that it is not cogmzant 
of a steady po^tial. In this and similar apphcations 
it may prove a useful instrument for those who haye con¬ 
stantly to diagnose faults in dynamo-electnc ^(^nery, 
and itwonld often serve to discover a 
otherwise have been found only by the help of an 
osdllograph or otho: delicate and nnportable apparatus. 

With the help of an amplifier it may be employ^ 
with a thermo-couple to measure the extent of cyc ic 
variations of temperature, such as those occumng in 
gSi engine cylinder. 
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Discussion before the Wireless Section, 6 December, 1922 . 


Professor G. L* Fortescue : It may well be argued 
that all the principles involved in this instrument are 
well known, but it has remained to the author to realize 
the need for this voltmeter and to produce it in a practical 
and simple form; and for this he deserves full credit. 
Of the many applications mentioned in the paper 
the measurement of high-frequency resistance seems one 
of the most important, and it is possible that for this 
pilose the instrument may prove as useful to the 
wireless engineer as the testing set is to the “ heavy 
engineer. As a resonance indicator the voltmeter will, 
no doubt, operate fairly effectively, but this would 
not appear to be its strong point, and the ordinary 
" slide-hackmethod, using a good galvanometer 
and a strongly negative grid, is far more sensitive. 
'Diere seem^ to be some reason to doubt whether the 
calibration will be permanent. Changes of the grid, 
filament and vacuum occur m the valves even when 
run with low filament currents, and only experience of 
many thousand hours of running will show whether 
the method of setting the zero will compensate for all 
these changes. Some degree of screening may also 
prove necessary when working on very high-frequency 
circuits. 

Major H. P, T, Lefroy: I feel that the instrument 
described in the paper is probably, at the stage we have 
now reached in high-frequency engineering, about the 
most useful one that has been produced for a consider¬ 
able time, and that its use may lead to improvements 
in radio aj^aratus in almost every direction. More 
particularly, it wiU enable us to gain a valuable insight 
into the design of high-frequency conductors and coils, 
and on various other points which have been diffi cult 
to investigate on account of the difficulty of measuring 
very small high-frequency currents. The instrument 
is one, moreover, which amateurs can easily obtain, 
so that, if they wish, they can join in some useful and 
effective research work. For instance, they are now in 
a position, with the help of this instrument, to measure 
signal strength accurately, and to join in the international 
investigation of signal strength in a way they could not 
before. In the early part of the paper it seems to me 
that the author rather suggests that all balance methods 
are too cumbersome; but in similar work which I have 
done, using simply a 2-volt accumulator and a 10 000-ohm 
resistance-box, I was able easily to balance to an accuracy 
of 0 • 1 jLtA, and then to get readings, from signals, up 
to 1 000 ijlA, which is a very wide range. I think that 
high-frequency voltages down to 0*01 volt can thus be 
measured, simply by putting the. accumulator current 
differentially through the micro-ammeter relative to 
the anode cmrent. In my experiments I noticed 
an interesting point, viz. that signals which reduc^ 
the anode current by 20 fiA were about R9 in the 
telephone, while those causing a reduction of 600 /mA 
were only RIO or Rll, and those about R6 did not 
cause a reduction of 

Dr. E. H. Rayner: There are one or two points which 
I should like to raise. Has the voltmeter to be calibrate^ 
for each particular valve, or is it sufficient to take a 


given type of valve and substitute one for another ? 
I ask that because for a certain purpose some work 
has been done recently on valve characteristics, and it 
was impossible to find two valves with exactly the sapie 
characteristics, although they might be of the same 
manufacture. Another point is this: I notice that 
the terminals for the connection to the voltmeter are 
put almost as far apart as possible, but it seems to me 
that in order to reduce the inductivity of the circuit, 
with the stray fields which may be present, it would 
be desirable to bring them closer together, as is usually 
done in apparakis for very high-frequency work. 

Mr. J. HoUingwortfa: To take a measurement in 
wireless work often requires far more apparatus than 
is in use for the whole of the rest of the experiment, 
and the advantages of a portable instrument are there¬ 
fore very great indeed. I think we might even go so 
far as to say that even if the instrument were not found 
to be an instrument of precision—I do not suggest for 
one moment that it is not—^its value to the alternating- 
current worker would still be very great. Some time 
ago when I was tr 3 nng to use a constant oscillating 
circuit I adopted the method of always resetting the 
filament current so as to obtain the same anode current 
with the same anode voltage, the idea being that it was 
much more sensitive to anode current, and anode current 
can be adjusted much more accurately than filament 
current can be. On calibrating it after three months 
I found that it had changfed 30 per cent. Whether 
I had a particularly bad valve or not I do not know, 
but as a result of that I connected up the circuit with a 
measuring instrument in series, left it on land watched 
it hour by hour. There were even slight changes during 
that period, so I think that it will be necessary to make 
sure that the right point on the anode characteristic 
is being worked to, unless it can be slmwn that small 
variations of the anode characteristic do not produce 
any appreciable effect. I should like to ask if, by the 
addition of various resistances in the position occupied 
by R in Fig. 4, the instrument could be converted into 
a multi-range apparatus, * so extending its uses. I 
think that the power absorption of the voltmeter varies 
slightly with the power applied to it; in fact, the 
apparent resistance of the voltmeter appears to vary 
slightly with the reading. That, of course, introduces 
the difficulty that if one is using it on an oscillating 
^circuit, where decrement is of importance, and where 
the decrement of the voltmeter is comparable *’with 
that of the circuit, one does not know the decrement 
of the circuit until one knows the reading of the volt¬ 
meter. If the voltmeter is equivalent to a constant 
resistance, that will not matter, but if the equivalent 
resistance of the voltmeter varies with the reading it 
means recalculating for each reading in order to 
determine the actual decrement of the circuit. 

Mr. F. G. Lunnon: The auijior^s voltmeter is 
essentially a calibrated apparatus and I think that he 
rather underestimates the difficulty of obtaining a 
calibration, for sui^ly it will depend upon the wave-form 
of the voltages to be measured, I notice that he rather 
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liglitly passes over wliat has come to be known as the 
''slide-back"" method of measurement. In wortog 
under Capt. Round I have used this method for various 
purposes for a number of years and if it is employed with 
a knowledge of its error it is sufficiently accurate for 
most rakdio measurements. It is essentially not a 



Fig. a.—C urves of error of a V24! valve (No. 21 288). 4 volts 

across filament; 12 volts on plate. 

method for measuring such low voltages as those for 
which the author"s instruments are calibrated > for the 
reason—^whicli we have alsvays appreciated—that there 
is a small, constant error inherent to the method, depend¬ 
ing on the type of valve used, which would result in too 
big a percentage error at these small values. About a 


care is taken to use valves with a good, sharp cut-off 
such as a dull emitter—the error will not be greater 
than 4 per cent for voltages of over 5 volts, and oyer 
10 volts it will be very small indeed. And if, when using 
a dull emitter, 0*2 volt is added to the readings then. 



over about 6 volts, the error can be relied upon to be 
less 1 per cent. Figs. A and B illustrate these 

results, and Fig. C and Table A give the results of high- 
freijuency checks which were made three years ago. 
A point in favour of the " slide-back"" method is that 

Table A. 
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Peak voltage measured by the " slide-back"" method 
across an inductance L 1 460 at A = 6 060 m 
a-nr! compared with the calculated voltage deter¬ 
mined from the current J as measured by a thermo¬ 
ammeter. 
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B._Curves of error of an S.M. valve (dull emitter) 

No. 236. 2-18 volts across filament; 7 volts on plate. 

year ago I made extensive checks on this method at 
low frequencies, trying a large number of valves of 
different types. The result showed that for jany 
particular type of valve the error is practically constant 
from valve to valve and over a large range of voltage 
and so, of comse» the percentage error decreases as the 
voltage to be measured increases^ For instance, using 
a M.-O. dull emitter valve the error is 0-2 volt low, 
which represents a 4 per cent error^t 6 volts. A M.-O. 
V24 valve gives a bigger error, viz. 0*4 volt low. If 


the very principle by which it operates ensures that no 
damping can be introduced into the circuit to which 
it may be connected; and a still greater point in its 
favour is that it is definitely a measure of peak voltage 
as against R.M.S. voltage—necessarily doubtful because 
it depends on wave-form—such as is obtained with the 
,huthor"s voltmeter. He suggested that his voltmeter 
could be used to measure signal strength by measuring 
the voltage across an aerial tuning inductance and 
then calculating the induced E.M.F. in the aerial from 
a knowledge of the inductanceT frequency and resist¬ 
ance of the aerial, and he remarked that this would 
a simple method and one that might supersede the 
present complicated aural method—presumably that 
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used by the Marconi Company and described by nae in 
the discussion on “ Long-distance Wireless Trans¬ 
mission before this Section in 1921.* This might be 
so under ideal conditions—^with the stations to be 
measured sending a long dash and in a complete absence 
of interference from atmospherics or other stations— 
but it is most certainly not so fpr practical signal-strength 
measurement, for example, measuring New Brunswick 
in England, where the current in the aerial resulting 
from the E.M.F. induced by the New Brunswick signal 
is far weaker than the forced current from nearby 
high-power stations on slightly different wave-lengths, 
viz. Carnarvon and St. Assise, and far weaker also than 
the current resulting from atmospherics. And when, 
in addition, it is remembered that in practice stations 
send Morse signals and not long dashes it must be obvious 
that only an aural method, such as that referred to above, 
can give any results at all. 

J Major Br. Binyon: It is well known that valve 
filaments are very liable to fracture in transit and, 
in view of the fact that the calibration of this instrument 
depencS upon the particular valve, employed, it would 
presumably be necessary to return the instrument to 
the makers for re-calibration in the event of damage 
to the valve. I should like to ask the author whether he 
has considered the employment of any special type of 
valve to overcome these difficulties and whether it would 
not be possible to employ a valve having a very thick 
tungsten filament with a current of, say, 3 or 4 amperes 
or more, which would give an exceedingly long life 
and not be liable to damage in transit. Since the 
instrument is not required for continuous use a high 
filament currgnt would be. immaterial. 

Mr. R. G. Clinker: I think that anyone who has 
made alternating-current measurements, particularly 
measurements of small voltages, will often have felt 
the need of an instrument such as the author has 
described. It would be very useful, for instance, in 
measuring the permeability of iron under a.c. conditions 
• at very low density where a low voltage is induced in 
a search coil. On page 301 the author mentions the 
measurement of current by noting the frequency and . 
passing the current through a known inductance. For 
that, I suggest, it is necessary not only to know the 
frequency ^accurately, but also to be sure that the wave 
is sinusoidal, i.e. that no harmonics are present, which 
I think is more difficult. I should like to know if the 
arrangement shown in Fig. 16 would give as good or 
better results if a variable resistance were put in series 
with the condenser K and varied until V gave a zero 
reading. The power factor of the arm containing 
condenser K would then be Imown and would be exactly 
equal to that containing condenser C and resistance r. 

Dr. E. V. Appleton {communicated ); I think that the 
voltmeter designed by the author (see Fig. 3) will play 
a great part in the signal measurements of the future. 
We have had an opportunity of using this type of volt¬ 
meter in the Cavendish Laboratory, and have found it. 
quite accurate and very convenient. At first I thought 
that all the author haciyiQne for us was to put a triode 
in a box, bringing out connections to convenient 
terminals, but a closer acquaintance with the difficulties^ 

• Journal 1931, vol. 69, p. 6.77, 


of the problem make us adnure the way in which he 
has made the calibration independent of fluctuations 
of filament-battery voltage. I have been personally 
interested in two applications of the voltmeter, both 
relating to the measurement of the strength of continuous- 
wave signals. For very strong signals, such as, are used 
in measuring the effective heights of aerials, a Iqpp 
aerial may be used, and the resonance voltage across the 
condenser may be measured by means of the voltmeter. 
The insertion of a small,- known non-inductive resistance 
in the coil circuit alters the resonance voltage reading 
so that from the two values the oscillatory-circuit 
resistance may be found. The calculation of the signal 
electromotive force is then a simple matter. In the 
second method the signal strength is measured by means 
of the " silent space ” which it produces in a simple 
auto-heterodyne receiver. Thus, if the edge of the 
“ silent space corresponds to a dis-tuning SA, where A 
is the wave-length, the signal electromotive force jSq 
is given by EQ^K{8X/X)a(^, where iCis a known constant 
and oq is ‘the oscillatory amplitude of the receiver in 
the absence of signals. Since uq may be made of the 
order of 0-6 volt it is conveniently measured by the 
author's voltmeter. I know of no other instrument 
which would be as suitable for such a purpose. 

Mr. E. B. Moullin {in reply ): Prof. Fortescue and 
Mr. Hollingworth have suggested that the calibration 
may not remain permanent over a long duration of time, 
but whether this willprove to be the case o» not experience 
alone can show. If the filament voltage is kept down to 
3*6V I hope and expect that no appreciable ageing 
will take place. I have had one of these instruments 
in constant use for about 8 months and no change has 
so far talren place in the calibration: it is extremely 
easy to make a low-frequency check of the^calibration, 
and until long experience has been gained it may be 
as well to check the instrument every 6 months or so. 
It is possible that ageing effects would be equivalent 
to a very small change iii filament* potential, and 
experiment shows that such small changes affect only 
the zero and not the law of the scale. Hence if ageing 
does take place it is quite possible that the instrument 
can be corrected by slightly setting up the pointer 
zero without making any alterations in the scale. 

Prof. Fortescue and Major Lefroy have referred to 
the use of the insirument for measuring high-frequency 
resistances. I have used it a great deal for measuring 
aerial resistances and coil resistances by employing it 
as a current indicator, while the E.M.F. introduced into 
i^ie circuit was measured by a potentiometer slide- 
wire. • 

In reply to Dr. Rayner each instrument has to be 
calibrated with its own particular valve, but in the case 
6 f the grid instrument different valves by the same 
manufacturer seem to repeat themselves within 5 per 
cent. 

As Major Binyon suggests, it may well be advantageous 
to use a thick filament and so avoid all risk of damage 
in transit: this might also permit pf a slightly less 
sensitive galvanometer being employed. 

I am afraid that the amount of scale control obtainable 
by altering the anofle-dreuit resistance is not sufficient 
to provide ^ multi-ranging device, but no doubt a* 
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considerable extension of scale could be provided in 
this manner. 

The method of calculating the effective resistance of 
the voltmeter at any reading is set out in the paper, and 
I think that the* example given at the end of Section 4 
•is aiair one for the purpose of showing that there are 
fey cases where the decrement will be of importance. 
If cases arise where the decrement is important it is 
only necessary to tap the voltmeter across a portion, 
instead of the whole of the inductance, and thereby 
reduce the decrement introduced; this, of course, 
means ah increase in the power supplied to the ciircuit, 
but the sensitivity of the instrument when used as a 
current indicator is so great that this is of no practical 
inconvenience. • 

Mr. Clinker*s suggestion of placing an extra resistance 
in the condenser arm of the bridge and ‘sp producing a 
, balance would usually be an improvement: with very 
small condensers and low frequencies this added 
resistance would have an inconveniently high value. 

I agree with Mr. Lunnon that the calibration must 
be to some extent dependent on wave-form, but to what 
extent has not so far been investigated. In higfh- 
frequency work where one is usually worldng with highly 
inductive circuits of low decrement tuned to resonance 
it does not seem possible that one can get harmonics 
in the current that are comparable with the fundamental, 
hence I think that no anxiety as to wave-form need be 
felt in high-frequency v^ork. I do not see how the slide- 
.back method is any better in this respect, for the peak 


voltage which it measures is also dependent on wave¬ 
form. Also, a reference to my analysis of the accuracy 
of the • slide-back method which recently appeared in 
the Wireless World (1922, vol. 10, p. 1) will, I think, 
show that Mr. Lunnon’s constant correction of about 
0 • 4 V will depend very much on the wave-form. I think 
he will agree that if the wave had a diniple in the top, 
and, therefore, two peaks, the constant correction would 
be much less than 0 • 4 V, and that if it had a very sharp 
peak instead of a dimple, the constant correction would 
be much more than 0-4 V, Another disadvantage that 
the slide-back method appears to possess is that not only 
is it necessary to add a rather uhcer^in correction 'but 
there must also be some uncertainty in deciding on the 
appropriate slide-back. That this uncertainty does 
exist is clearly shown in Mr. Lunnon’s curves, in which 
the observation points are scattered above and below 
the line. Above, say, 16 V the method may no doubt 
be taken as correct,> but this makes the slide-back 
10 times as insensitive as the instrument described ih 
the paper. ^ 

The aural-comparison method to wliich I referred 
was the method described by Prof. Vallauri and is 
probably similar to that used by Mr. Lunnon. I have 
used the voltmeter a good de^l for measuring signal 
strengths, and according to the Austin-Cohen formula 
it is quite^* possible to measure transatlantic signals 
by the method indicated in the paper and recently 
described more fully in the journal.'^ 

* Journal 1922, vol. 61, p. 67.. 
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DISCUSSION ON 


“OBSERVATIONS OF THE FIELD STRENGTH OF HORSEA WIRELESS STATION.”* 

Mr. J. HoUingworth {communicated): The 


cx- 


IVXIT* **v****-.®---\- 

periments and results given in the paper are very 
interesting to those who are engaged on this problem 
of measurement. It is to be noted that the author 
confirms the present general tendency to avoid the use 
of an audible system wherever possible, though tlmre 
may occasionally be cases in which it is preteable. 

A certain number of measurements were made at 
the National Physical Laboratory on this transmission, 
but their object was largely to investigate a new S 3 rstem 
of measurement. Time did not allow of this ^ing 
calibrated before the tests commenced, so that readinp 
were discontinued after a time in order that it “ight 
be done, with a result that on no occasion did th® date 
of Mr MouUin’s tests coincide with those at the N.P.Lm 
M that direct comparison is not possible. I should 
like te- express my absolute agreement with the author 
where he emphasizes the necessity of check measure¬ 
ments In such an indirect process as a measurement 
of this type the possibilities of something going wrong 
are so great that it is vCTy difficult to place eu&e reh- 
ance on a single reading unsupported by any mternal 
evidence. With regard to details of the system, the 
discrepancies in the results obtained with the different 
mutual inductances are very lUcely due to a small 
capacity coupling. Personally, when using a snmlax 
system I never rely on a calculated value, but proce^ 
as foUows: The larger mutual inductances can be 
measured diFectly by passing a rather larger current 
at the given frequency through the primary and con¬ 
necting a DuddeU thermo-galvanometer across the 
secondary. Provided one is not working near the 
natural wave-length of either coil, the mutual mduct- 
ance can be calculated from these figures and the low- 
frequency inductance of the secondary. This proceffi 
breaks down for the smaller values of mutual induct¬ 
ance, but by measuring the same signal with dffierent 
pairs of mutual inductances a ratio Mj ; Mg: Mg . . • 
caa. be obtained. I have found that over the range m 
which both methods of measm-ement are possible 
the ratios obtained by the two methods are almost 
invariably within 1 per cent of one anothOT, and 
so I have no hesitation in accepting the ratio obtained 
by' the second method for mutua,! inductances 
which are too small to be measured by the first. 
Hence, if the absolute value of the largest mutu^ 
inductance can be measured by some direct method, 
ths values of all the others can be found. There appears 
to be considerable difference of opinion over the 
meaning of the effective height of an aerial as used in 
the formula 
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At the Paris Conference, 1921, it was suggested that 
it should be defined as the height of the equivalent 
half dipole, and the constant K is then 120. It ■was 
also suggested that, as a first approximation, the effective 
* Paper by Mr. E. B. MouUin (see page 67). 


height should be taken as 0- 66 of the mechanical height; 
and in the Radio Review of April 1921 Prof. Vallaun 
gives this ratio for the Rome aerial under certain 
conditions as O-Ci. Hence in Mr. Moullin’s formi^ 
-where jK = 60 is used, it appears as if his value of the 
effective height should at times exceed the actual 
height, which appears to contradict his remarks in 
the second column of page 72. As a matter of fact, 
in the N.P.L. measurements K was taken as 120 and 
ha as 100 (this value being assumed, as the correct 
value was unknown). The results on the 2 600-m 
signals mostly came out about 10 to 20 per cent in 
excess of 'the theoretical value, neglecting absorption. 

It appears, therefore, that if tiie correct value for A, 
had been used, the results would have shown the absorp¬ 
tion between Horsea and the N.P.L. to be negli^ble. 

Mr. E. B. MoulUn (*» re-ply ); I agree witli Mr. 
HoUingworth that it is very advisable to make an actual 
measurement of the mutual inductances, but, as 
mentioned in the paper, adequate means for doing so 
were not at my disposal. Personally, I much prefer 
to measure tiie local EJM:.F. by meaM of a resistance 
potentiometer, because by so doing it is much more easy 
to makecaUbration curves of the type shown in Figs. 7 
and 8. If the resistances are made of short lengtlis of 
fine wire doubled back on themselves I think that there 
is no need to fear that the pqftentiometer has a reactance 
comparable with its resistance, at any rate for frequencies 
less tba.ri iqb petiods per second. In any case, as the 
reactive drop is at right angles to the rraistance drop 
it can have an appreciable value and sti3 make only 
a second-order change in the total drop. , , 

I am glad that Mr. HoUingworth has called attention 
to the discrepancy that exists in defining the effective 
hmght firom ■the form'ula R = K-irhalJ/’d, for it seems 
to me that this discrepancy is bound to lead to confusion 
in the future; it seems common to find K taken as 
60, and equally common ■to find it taken-as 120. Now, 
it seams to me to matter vtory Uttle which value of the 
constant is taken so long as everyone takes the same. 
Would it not be a good tiling to have some definite 
ruling on this point, together with some rules as to the 
manner in which the effective hei^t is to be measured ? 
If this were done then we should know that all values 
quoted for the effective height of an aerial were defined 
’'and measured in a standard way. ^ 

With regard to the effective receiving height measured 
as described on page 72, surely this method of measure¬ 
ment is independent of the value of the constant discussed 
above. The value of the field strength produced by a 
distant station is first measured by me^s of a loop, 
and it is then found that the same field produces a certain 
E.M.F. in an aarial. In the case of an ajsrial where 
capaci'ty is s^sibly all concm'trated in the roof, the 
value of the E.M.F. divided by (he field strength 
must surely give the effective receiving hei^t. In 
the particular case considered, the curve showing the 
current distribution in the up lead proves that the 
capaci'ty was concen'trated in the, roof. 
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INTRODUCTORY NOTES TO A LECTURE ON 

" VARIABLE-SPEED ALTERNATING-CURRENT MOTORS WITHOUT 

COMMUTATORS.” 

By F. Creedy, Associate Member. 

(MS fiyst received 2Zrd November, 1922, and in final form 1th March, 1923; lecture delivered before The Institution 
Ith January, before the North Midland Centre m January, before the Souih Midland Centre im January, and 
before the North-Eastern Centre 22nd January, 1923.) 


Summary. 

After a short general discussion, a new tnethod of pole¬ 
changing, involving the use of a number, of phases greater 
than that in the line, is explained, together with means 
for simplifying the connections:— 

(A) By the use of mutually reversed coils. 

(B) By a star-mesh connection. 

The phase transformer needed to produce the increased 
number of phases is next described, and it is shown that 
the current in the windings intermediate between the three- 
phase tapping points is reduced to a very low value as 
in the rotary converter, making the apparatus small and 
inexpensive. 

The switchgear employed is next discussed, and it is pointed 
out that the methods described render the squirrel-cage 
motor adaptable to almost all purposes, since they enable 
it to give good starting torque with low current. 

Machines with slip-ring chara,cteristics are also described 
and test-results discussed. 

A description is given of the cascade motor, and ite 
unique characteristic of giving gradual adjustment between 
speeds is explained. Two-, three- and four-speed motors 
having this characteristic are referred to. 

Some tests of large rolling-mill and other motors are 
given and finally a description of the application of the 
cascade motor as ^ short-circuit motor machine with slip¬ 
ring characteristics, and as a unity-power-factor synchro¬ 
nous machine of greater simplicity and less cost than any 
other type. 


Introduction. 

It has become sufficiently clear during the past few 
years that tlie pol3^hase alternating-current system 
will ultimately be universally adopted for power supply 
on a large scale. One of the chief difficulties at present 
existing witli tlfis system relates to the provision of a 
satisfactory variable-speed motor, capable, if possible, 
of opel'ating on high-tension polyphase currents without 
the necessity for the transformation of the whole of 
the power. The solution of this problem is very far 
from being an. easy one and, in fact, it is only in com¬ 
paratively recent years that satisfactory progress has 
been made. 

In the first place, the difiereht applications for a 
variable-speed motor vary very widely among themselves, 
and it is by no meai^s likely fhat a single type of motor 
is best adapted to meet the whole .of these difierent 
forms of application. 

It will be desirable first of all, therefore, to consider 
rather more in detail what is the real nature of the 


problem of producing a satisfactory variable-speed, 
alternating-current motor to meet every kind of practical 
condition. 

The Problem of Variable-speed Alternating- 
current Motors. 

There are, in fact, a considerable numbjer of different' 
classes of variable-speed service. 

These may be more or less accurately summrazed 
as follows:— 

(1) Speed-range, —All practical applications, with 
very few exceptions, can be covered by a motor having 
a speed-range of 3— 1. Other speed-ranges in wide 
demand are 2 —1 and 1*6 — 1. It would, of course, be 
desirable, if compatible with the other conditions of 
the problem, to have a machine capable of gradual 
speed-variation from one end to the other of any of 
these ranges without continuous loss of power at any 
speed. If this should not prove possible, and it becomes 
necessary to use a number of speed steps, tfiese should 
be fairly numerous, say not less than 4 to 6, in a speed- 
range of 3— 1. 

(2) Starting, —^In certain cases, e.g. the compressor 
drive, the printing press or the reciprocating pump, 
variable-speed motors must be capable of starting with 
a very high torque, wh.le others, e.g, machine tools and 
fans, require only a moderate starting torque, hence 
provision must be made for both these cases. 

(3) Speed changing, —^In certain cases, e.g. madiine 
tools, printing press drives, compressors, lifts and cranes, 
etc., the speed has to be changed while running; while 
again in others, e.g. mine fans, pumps, calenders and mer¬ 
chant mills, the speed is only changed occasionally in 
changing operations, though here, of course, the speed- 
variation required in order to render the use of a flywheel 
possible is not referred to, but merely that required to 

^enable the mill to deal with different classes of work. 

In these cases there is no serious objection to shutting 
the machine down and re-starting, and where this is^ 
possible the problem is simplified to a considerable 
extent. 

Where the change of speeds is in steps, care must 
be taken that the change from one step to the next is 
efSeted without a serious shock to the system, either 
mechanical or electrical. . 

(4) The first cost of the equipment, ^ well as the 
cost of attendance and upkeep, •must be moderate, 
Repairs must be capable of being carried out without 
difficulty, 

^6) The efficiency of the equipment should be as 
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high as possible, since high, efficiency over a large range 
of speeds is the dhief object of installing a variable- 
speed alternating-current motor. A low consumption 
of wattless current is also desirable. 

(6) For the vast majority of applications the motor 
should be capable of giving a constant torque at all 
speeds or a horse-power proportional to the speed. 
For a certain class of machine tools, however, a constant 
horse-power characteristic is desirable. 

The object of speed-variation in the driving of machine 
tools is to enable a cut to be taken on different 
diameters at tlie same peripheral speed, objects of 
large diameters being driven at a low speed (r.p.m.), . 
and objects of a small diameter at a higher speed. 
Where, "as in lathes, modem drilling machines, milling 
machines, etc., the amount of energy dissipated in 
friction is small and most of the power of the drive is 
actually devoted to cutting, this means that approxi¬ 
mately the same horse-power is taken by the tool at 
no matter what speed it operates. 

Tlr^re is, however, another cIbss of tool in which 
the size and weight of the tool is determined clhefly 
by the necessity of rigidity, e.g. large boring mills, 
planers, etc. In this case the greater part of the energy 
supplied to the tool is devoted to the moving of heavy 
masses and is ultimately dissipated in fiiction. In 
this case the tool requires a constant torque and an 
amount of power in proportion to the speed. . 

Difficulties in Designing a Satisfactory Variable- 
speed Alternating-current Motor. 

The most obvious way to produce such a motor is 
to make {tie closest possible imitation of the direct- 
current machine, and it has long ago been shovrn that 
numerous types of single-phase and polyphase com¬ 
mutator macMnes having, in theory, characteristics 
resembling very closely those of the direct-current 
machine are possible. These commutator machines 
have never been more clearly described than in a 
lecture ♦ given by Dr. S. P. Smith, but it is indisputable 
that the present wide utilization of electric power supply 
is due very largely to the simplicity and robustness 
of the polyphase induction motor and I have always 
thought it a disastrous mistake to abandon the in¬ 
duction motor without examining whether some system 
. of control cannot be worked out so as to enable it to 
carry out satisfactorily without any fundamental alter¬ 
ation variable-speed requirements. 

Every variable-speed application should, in my^ 
opinion, be considered on its merits. In some cases a 
commutator machine is undoubtedly the right apparatus 
. ®to use. Its advantages are the greatest: 

(1) On constant-speed, work where it is possible to 
keep the size of the commutator and the amount of 
brushgear witMn reasonable limits by appropriate 
design. 

(2) On very low-frequency Circuits where similar 
possibilities exist. 

(3) Where there is an imperative demand for a 

continuously adjustarble speed justif 3 ring all the sacrifices 
in other directions which must be endured in order to 
attain it. These cases are, however, in my opinjpn, 
• * Journal 1922, vol. 60, p. 308. 


relatively few. Assume, for instance, that we wish 
to drive a boring m,ll by means of a variable-speed 
alternating-current motor, the best speed of the table 
for a particular class of work being 20 r.p.m. With 
a speed control by steps it may be impossible to get 
exactly this speed, speeds of 19 r.p.m. or .21 r.p.m. 
being the nearest available, and I feel that this dii^er- 
ence is not worth considering in most cases. 

Confining ourselves therefore to methods of controlling 
the induction motor so as to obtain variable-speed 
shunt characteristics, we find that its natural lines of 
development are two in number :— 

(1) 'Speed change by changing the number of poles. 

(2) Speed change by cascade operation. 

Both these Ihetliods lead to extremely useful types 
of apparatus and I propose to discuss each in turn. 


Part 1. 

Speed Change by changing the Number of Poles. 

Without ignoring the work of early inventors, such 
as Dahlander, LindstrCm and Alexanderson, who 
have provided means of adapting a single winding to 
give, for instance, two numbers of poles having a fixed 
ratio, it is not unfair to say that the idea of using the 
method of pole changing to produce a machine having 
anytliing resembling a gradual variation of speed by 



small steps between wide limits, would have been 
regarded a few years ago as chimericalt» Yet it is also 
obvious that if by any means we could render practically 
available all the numbers of poles which exist within 
a given range, we have a machine with a very high 
degree of practical usefulness. For instance, on 60 
periods between the speeds of 376 r.p.m. and 1000r.p.m. 
there are six numbers of poles available. 

As the methods by which all these numbers of poles 
are rendered practically available have not yet been 
publicly described, I propose to dwell on them at^^some- 
what greater length than is devoted to the methods 
of speed-variation previously described. 

One method by which all these numbers of poles might 
theoretically be rendered available with a single winding 
has long been Icnown, i.e. the use of a ring winding tapped 
at the various points necessary to give different numbers 
of poles, as shown in Fig. 1. It is well known that a 
ring winding can be used on any-.number of poles, if 
a number of equidistant tappings equal to three times 
tlie number of pairs of poles are brought out on each 
speed, equalizer*^connections being made between tap¬ 
pings 1 to 4 throughout the circumference. To obtain 
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six ntimbsrs of poles from the sanfe winding in this 
way, however, would require a formidable number of 
tappings, and to ponnect them together in the various 
manners required would involve an equally formidable 
t 3 ^e of switchgear. 

In addition to this, the ring-wound machine is h ghly 
inqionvenient from a manufacturing standpoint, though 
practically equivalent results could, in fact, be obtained 
from a lap-wound drum winding. 

A further difficulty arises from the fact that the 
voltage induced in an.y section of the machine cons sting 
of, say, two, three or more coils connected in series 
having a given number of turns is proportional to the 
rate at which tlie magnetic lines cut the conductors, 
and this rate is, of . course, proportional*to the speed of 
the flux wave, which is practically the same as tliat of 
the revolving element. Consequently, at the liighest 
speed of the motor, the flux wave is cutting the con¬ 
ductors at a very high rate and, if the E.M.F. 


I 2 3 4 5 6 7 8 9 >0 II 12 



applied to any section is fixed, only a small flux will 
be required to produce it, owing tb the high rate of 
cutting. 

. On the low speed of the motor, (fti the contrary^ the 
Aux wave is cutting the conductors at a low rate and, 
consequently, if the E.M.F. across the- sections remains 
the same as before, a large flux will be necessary to 
produce it. 

Hence, the flux of the motor will tend automatically 
to fall ofl in proportion, to the rise of the speed in much 
the same way as it does in the direct-current motor, 
and hence such a motor having a constant voltage 
per section will tend to have a constant horse-power 
characteristic, which is not at all •what is demanded 
in practice. . 

Means must therefore be provided to increase the 
voltage across each section more or less in proportion 


to the speed. These difficulties may be summarized 
as follows :— . 

(1) The difficulty of producing a winding having a 
moderate number of terminals and capable of simple 
switching. 

(2) The difficulty of varying the voltage across a 
section containing a fixed number of turns, so as to keep 
the flux approximately constant with increasing speed 
without the use of costly apparatus. 

Method of overcoming these difficulties ,—^The solution 
to all these d faculties was only, found gradually. In 
order to overcome the necessity for a very large number 
of terminals, a method of pole hanging entirely different 





from that described above was adopted. This method 
is shown in Figs. 2 and 3. Still considering a ring- 
. wound machine, assume it to be divided into 12 sections, 
shown developed in Fig. 2. 

At this point it may be convenient to describe a 
diagrammatic method of denoting the windings of 
alternating-current machines which I have developed 
in order to simplify winding diagrams. It will be seen 
that the ring winding shown at the top of Fig. 2 is divided 
ii?j:o 12 sections, each section being shown as consisting 
of two turns. The beginning of each section is denoted 
by a white circle and the end by a smaller blackened 
circle, the extremities of the various sections being 
connected in series in the usual manner. An obvious 
simplification for diagrammatic purposes is to omit 
the drawing of the winding and merely retain the two 
terminals of each section, joining them by a straight 
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line in order to show that the^^^ belong to the same 
section. This diagrammatic method of denoting the 
winding is shown immediately below the drawing of 
tlie ring in Fig. 2, the sections being numbered in 
order round the circumference, and the method is 
made considerable use of in these notes. 

Imagine the 12 sections of the ring winding shown 
in Fig. 2 to be carrying currents differing in phase from 
one another by 60"*, the current vectors being shown on 
the right of Fig. 2 (b), the current in section 1 having 
a phase O'", that in section 2 having a phase 60°, that 
in section 3, 120°, and so on. These vectors when 
projected on a vertical axis- in the usual way give, of 
course, the instantaneous currents in tlie different 
sections, which may be plotted as shown on the left 
of Fig. 2 (&). We thus obtain a series of ordinates the 
extremities of wliicli lie on a sine curve, having two 
positive and two negative maxima, i.e. four poles on 
the circumference. If, however, we so reconnect these 
sections that the phase difference between adjacent 
sectiens is 30° and plot out the ordinates as in Fig. 2 (a), 
we obtain another sine curve having one positive and 
one negative maximum, i.e. two poles, while if we make 
the phase difference between the sections 90°, as in 
Fig. 2 (c), we obtain, a curve having three positive and 
three negative maxima, i.e. six poles. 



Kig. 4. 


,In Fig. 3 are shown the connections whereby this 
change of phases may be accomplished for the case of 
13 phases, wliich is practically more convenient in some 
respects. As will be seen* it involves tlie use of 13 
terminals on the motor (still shown as a ring winding) 
and some means of producing a number of phases 
(viz. 13) equal to the number of sections in the motor 
winding. Since thirteen-phase distribution is never 
used, this involves some means of converting from 
the usual three-phase supply to the number of phases 
required by the motor and a new piece of apparatus, 
tlie phase transformer or converter, is required with 
this method of control. 

When we realize that this method of control involves 
a phase converter, it may appear as if we had mer^y 
simplified the switching by introducing another piece of 
apparatus which will cost as much as the switchgear 
with which we have dispensed. 

It will be shown later, however, that this is far from 
being the case. The constrjuction of this phase trans¬ 
former with a suitable' degree of simplicity involves 
problems of its own, particularly where a large number 


of phases are required. The method of solving these 
problems will be described at a later stage. 

Although the simple method of pole changing just 
described was sufficiently encouraging to justify the 
construction of one or two machines for special purposes, 
it was not found sufficiently simple to be the final solu¬ 
tion of the problem. Experience showed that even jffie 
number of terminals possessed by such a motor was too 
great in practice if a large number of speeds, e.g. five 
or six, was aimed at. In this case the number of 
terminals is not less than 30, which was found to be 
not a practical number, and still further means of 
simplification were therefore sought. 

It was found possible to reduce the required number 
of terminals iif’ several ways. It is dear, first, that 
wherever we have currents differing 180° in phase, that 
is to say, mutually reversed, it is not necessary to supply 
two distinct phase-transformer terminals to obtain 
these two phases. If the two sections are connected 
in series or parallel, mutually reversed, they can be 
supplied from a single terminal. 

For instance, returning to Fig. 2, if we wish to connect 
the motor only for two poles and six poles we find 
that in both these cases sections 1 and 7, 2 and 8, etc,, 



are diametrically opposite in phase. We> may therefore 
connect them in series reversed as shown in Fig. 4 (&), 
in which the sections are denoted by the diagrammatic 
method already described and the direction of the 
straight line joining the two extremities is made to 
represent the phase of the current in the section. 

Connecting all the sections in star, we require 12 
terminals to give two poles. Connecting opposite 
sections in series reversed we require only six, although 
if we compare Figs. 4 (a) and 4 (6). we see that" each 
section in the latter is parallel to the same section in 
the former, i.e. it carries current of the same phase. 

The same connection (viz. diametrically opposite 
sections connected in series reversed) is also available on 
six poles, and the diagram for this is shown in Fig. 4 (c). 
Hence, we see how by maldng use of this simple device 
yriay materially reduce botii the amount of switchmg 
and the number of terminals required on the phase 

transformer. « ^ 

A second method of reducing the ntimber of tramnals 
consists in putting alternate sections of the winding 
in mesh and the remainder in star, the mesh being 
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connected in the centre of the star as shown in Fig. 5, 
for the case of 8 sections and 4 phases. 

It will be seen from this figure that the mesh sections 
are intermediate in phase between the star sections, 
e.g. section 2 is intermediate in phase between sections 
1 and 3,. and so on, thus, although the winding con¬ 
nected as tn Fig. 6 requires only four terminals, the 
E.M.F/S across the various sections are nevertheless 
in eight distinct phases. 

Again, it was found in most cases that while this 
method of connection might suffice to double the 
number of phases on a particular number of poles, 
yet in order to produce the same result on another 
number, the whole or many of the sections must be 
disconnected from one another and r^nnected in a 
different order. Thus it would seem that we have only 
simplified the transformation in order to complicate the 
switching. 

The method of reversal and the star-mesh method may 
be combined, and thus we may obtain windings in 



which the E.M.F. across the sections has four times as 
many phases as that supplied to the terminals. 

After a very large amount of research, extending 
over a considerable period of time, a winding was found 
in which this result could be accomplished, not on one 
number of poles only, but over a large series of numbers 
cov^lug a speed range of 3 —I or more, without recon¬ 
necting the Winding in any way when changing the 
numbers of poles. This winding is shown in Fig. 6 
for the case of 36 sections, 18 of which are coimected 
in mesh and an equal number connected in star to the 
angles of the mesh, alternate sections in the mesh 
being mutually reversed and alternate sections in the 
star being also mutually reversed, the mesh sections 
alternating with the star sections aroimd the circum¬ 
ference of the machine'. • 

The winding shown in Fig. 6 (containing only 18 
terminals) can be, and is being, frequently used on 
all numbers of poles from 6 to 16 and is, with a slight 


further modification, also capable of being used on 
further numbers of poles from ,20 to 26. 

This connection, therefore, gives us not only a winding 
of a very simple character with a moderate number of 
terminals (18) capable of reconnection in a simple manner 
for a large number of different numbers of poles, but it 
also gives us the characteristic , which was shown above 
to be desirable, viz. that of having an approximately 
constant flux on all numbers of poles. It is difficult 
to explain the cause of this in a simple manner, but 
one may say briefly that it is due to the fact that the 
number of sections in series between terminals having 
a given phase difference of, say, 120®, becomes gradually 
greater and greater as we increase the number cf poles, 
or decrease -^e speed, so that as the rate of rotation of 
the flux wave gets less and less, due to the decreasing 
speed of the motor, the voltage across any section having 
a given number of turns also becomes less and less 
approximately in tlie same proportion, and thus about^ 
the same flux is needed to balance this voltage at all 
speeds. 



A further simplification is possible where, for instance, 
only odd numbers of pairs of poles are required and, 
consequently, diametrically opposite sections are always 
opposite in phase on every number of poles which a 
machine is required to give, and, therefore, may be 
permanently connected in series, mutually reversed. 
The winding of such a machine is shown in Fig. 7 
and, as win be seen, has only 9 terminals, capable 
operating on 2, 6, 10 and 14 poles, and, with a dight 
further modification, on 22 and 26 poles. This winding 
is, I believe, the simplest Imown multi-speed winding. 
1% requires no more than 9 phases, while the original 
winding may require, 18 phases. 

The Phase Converter. 

Having described how the difficulties connected with 
designing a multi-speed winding have been overcome 
means involving the use of a phase transformer or 
converter, it will next be desirable to describe how this 
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apparatus is constructed in practice. In certain cases, 
e.g. where a single motor is operated from a generator 
which serves no other purpose, as in ship propulsion, 
no such transformer is needed, as there is no difl&culty 
in winding the generator for the number of phases 
required, but in the majority of cases the machine, 
if it is to be of any practical use whatever, must operate 
from a power supply having, say, not more than three 
phases, and hence it is of vital importance to the practical 
success of the apparatus that tliis phase transformer 
should be not merely technically satisfactory, but should 
also be capable of being built at a very moderate price. 

By restricting the number of phases to multiples of 
three, the transformers to be excited from a three-phase 
circuit may be simplified very materially, and it will 
be convenient to describe the transformer as used in 
connection with the winding previously referred to. 
This transformer does not differ externally in any way 
from the standard three-phase core-type transformer, 
built in the usual way with three exactly similar limbs. 
The ©onnections, however, are as shown in Fig. 8 , 
in wh ch all the windings shown by lines parallel to 
one another are considered to be wound on the same 
limb of the transformer. Since the windings shown 



in this figure are drawn parallel to three straight lines 
at 120 ®, it follows that only three such Hmbs are needed. 

If we take a three-phase transformer having two 
secondary sections on each limb, and connect these 
sections in the manner shown, which may be called 
a hexagon connection, we obtain an apparatus from 
which six-phase currents may be derived by bringing 
out terminals from the comers of the hexagon. If, 
however, we tap the sides of the hexagon in tlie manner 
shown, winding on the three limbs, in addition, six 
small, auxiliary sections to be connected to tlie comers 
of the hexagon, it is possible without further elaboration 
to obtain no less than 18 phases, as has been amply 
proved in practice, the tappings shown in the diagram 
lying in a circle. 

So fax, we have regarded the hexagon winding with 
tappings as*being the secondary, and have assumed 
that there is a primarj^ winding which carries the three- 
phase currents. But if no voltage transformation is 
needed, as in this case, a separate primary is not needed, 
for the primary terminals may be connected direct to 


alternate corners of the hexagon, or even, in order to 
save extra terminals, to the extremities L^, L 2 , L 3 
of three of the small, auxiliary sections wound on the 
transformer and corresponding to the secondary ter¬ 
minals Tj, T 7 , T 13 . This latter plan is adopted to avoid 
the necessity of bringing out three extra ‘ primly 
terminals. ^ 

By using the apparatus as an auto-transformer in 
this way we at once abolish the whole of tlie primary 
windings and, therefore, reduce the amount of copper 
on the transformer to half, or, in other words, double 
the rating of a transformer of a given size. 

We do more than this, in fact, because the primary 
and secondary currents flowing in opposite directions 
in the same windings give a resultant which is very 
materially less than the secondary current alone. This 
is exemplified in Fig. 9, which shows the currents in the 
sections of the 30-phase transformer, which formed part 
of the original experimental machine which was con¬ 
structed to test the present method erf speed-variation in 
its earliest form, Lj, L 2 being the three-phase terminals. 

It Will be seen that the current in the neighbourhood 



of the three-phase terminals is much greater tlian at 
points intermed.ate between them, and, in fact, falls 
off to less than one-half at a point midway between the 
terminals. 

Fig. 10 shows a similar curve for up-to-date 9 -phase 
and 18-phase transformers as now being constructed 
commercially by the Metropolitan-Vickers Electric 
Company for use with tliese machines. The same 
reduction in current per section at a point intermediate 
between the three-phase terminals T^, T 7 is noticed 
here, and the analogy between the reduction of current 
in these transformers and the similar reduction which 
takes place in the armature of a rotary converter in 
sections intermediate between the tapping points may 
be referred to.’** 

As a result of this further reduction a phase transformer 
to transform a given amount of pow^r, say from 3 to 9 
or 18 phases, will require a size of transformer of only 
between 30 to 40^ per cent of the rating of the trans- 

♦ I hope to publish the full theory of these phase converters on 
another occasion. 
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former which will be required to convert the same 
amount of power, say from one voltage to another. 

Still another economy which has the effect of still 
further reducing their capacity can be effected in^the 




use of these phase converters. In a constant-torque 
motor giving a horse-power .proportional to the speed, 
the amount of power taken will also be approximately 
proportional to the speed. For instance, the power 


not being used on that speed but coming into operation 
for the first time only at 760 r.p.m., we shall be able 
to reduce its capacity to 0*75 times the value wliich 
would be needed to supply the power required at 
1 000 r.p.m., making it only 22 to 30 per cent of 
the capacity required to transform -the whole power. 
By way of analogy to this plan, we may refer to an 
automobile gear box in which it is usual to give direct 
drive on the top speed, thereby reducing the amount 
of power to be transmitted by the gears. The above 
is the electrical form of the direct drive. 

With speeds of 1 000 and 600 r.p.m. the rating of such 
a transformer may be only from 18 to 22 per cent of the 
transformer rating needed to handle the maximum 
power taken by the motor at top speed. It forms, 
therefore, by no means an expensive item in the 
equipment, much less so, in fact, than the transformer 
required with many t 5 qDes of variable-speed cqmmutator 
motor, the capacity of which is proportional to the^ 
difference between the speed of the machines and 
synclironous speed. 

The controlley .—^The only part of the equipment 
still to be described is the controller needed to effect 
the changes of connection between the phj^e transformer 
and the motor. 

Different types of controller are, of course, required 
for different speed combinations. It is very easy 
to obtain combinations giving rise to very comphcated 
circuits, but if care is taken to use the speed combina¬ 
tions best adapted to known types of winding and to 
choose the types of winding best adapted for the speeds 
required, the following rule for* three-phase circuits 
may be enunciated :— 
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taken at 750 r.p.m. will be only 0-76 times the power 
taken at 1000 r.p.m., and if we can arrange the windmg 
of our motor so that it'is directly conSiected to the line 
when operating at 1 000 r.p.m., the phase converter 


A three-phase multi-speed motor for any number of 
speeds up to six, tuill require three times as many terminals 
there are speeds. _ ; 

That is, a multi-speed motor with a single winding 
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on each member may be built for any number of speeds 
up to six, requiring no more terminals than if each 
speed were produced by a different winding. This does 
not mean that any arbitrary selection of numbers 
of jpoles can be biilt with no more terminals than 


abnormal combinations which fall outside the rule. 
B'urther research is rapidly lessening the number of these 
combinations. 

A series of combinations adjusted with great care so 
as, on the one hand, to lend themselves to simple control. 



Fig. 13. 


these, but that by suitably choosing the numbers of 
poles within the range of *3—1, these results may be 
obtained. 

For instance, the winding described above (see Fig. 7) 
is usually arranged for 6, 10 and 14 poles, and requil*es 
9 terminals, thereby obeying the rule, but a winding 
arranged for, say, 8, 10 and 14 poles, would not obey 
the rule, although wyidings for 6, 8 and 12, or 6, 10 and 
12, could be digued to obey it. 

Three is thus ^ amply sufficient selection of combina¬ 
tions for practical purposes, although there are a f6w 


and on the other to cover most industrial requirements, 
is shown in Fig. 11, covering speed-ranges on 60 periods 
as follows:— 

1 600/1 000/760 :T)rum F 
1 000/760/600: Drum F 
760/600/376 : Drum F 
76O/6O0/6QO: Drums F-|- d 
1 000/600/428 : Drum A 
1 000/760/600/428 : Drums A + C 
1 000/760/600/600/428 : Drums A -h B + C 
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It .will no doubt be agreed that these combinations 
cover practically everything that is needed for industrial 
purposes, and the control of aU of them is sufficiently 
simple to be dealt with by a drum controller. Figs. 11 
and 12, in fact, show diagrams of the drum controllers 
wliich are used to give these combinations and it will 
b« seen that all, except that for the five-speed machine, 
are simple pieces of apparatus requiring only a single 
drum. The five-speed machine is usually built with 
two drums geared together, and forms tlie only case 
in which this is necessary, while in Fig. 13 has been 
assembled a series of speed/torque curves giving one 
example of each speed combination. 

An important point in connection with these machines 
is, of course, the co.st as compared mth otlier means 
of producing the same results. In Fig. 14 is 
given a curve, for different horse-powers, for machines 
of this type as compared with a slip-ring induction 
motor with its control gear. This curve ignores 
entirely the enormous economy of current secured by 



an apparatus of approximately constant efficiency on 
all speeds. 

These controllers are suitable for small to medium 
sized motors, up to 200 h.p. The larger sizes, say from 
200 h,p. to 800 h.p., are rather be 3 ^ond the scope of 
a drum controller, and consequently an apparatus of a 
different t 3 ^e is employed. In Fig. 16 is shown such a 
large controller built by the Electric Construction Co.,* 
LtA, the makers of these equipments, from which it 
will be seen that the controller consists of a slate panel 
bearing what are essentially four, nine-bladed two- 
way switches with vertical axes. The switches are of 
the finger t 3 ^e as in drum controllers and bear on studs 
mounted in the panel. They can be clearly seen in 
the lower half of the figure, while on the right and left 
of these switches are the terminals for the phase trans¬ 
former and motor, respectively. The switches are 
opened and closed in the proper sequence by means 
of cams which appear immediately above the switches. 
For each speed, two of the switches make contact, 
thereby connecting the 18 terminals of the motor to 


the line or the phase transformer, in the different ways 
appropriate to different speeds. 

It is found, by taking advantage of the following 
fact, that the switching may be simplified. One half 
of the connections for one number of poles, say 8, 
with the machine running clockwise, are identical 
with bfl,1f the connections for another number of poles, 
say 10, with the motor running counter-clockwise. 
It conduces to simplicity of switching, therefore, if we 
make no change in these connections in changing from 
8 poles to 10 poles, but merely interchange two of the 
three-phase lines, by means of the two contactors shown 
in the upper half of the panel which perform a quadruple 
function, as detailed below. 

(1) They serve to reverse the three-phase connections 
when this is required, in order to economize switching. 

(2) They are fitted with overload relays (shown • 
immediately below them) so that they perform the func¬ 
tion of a circuit breaker. 

(3) In changing from one speed to the next in any 
multi-speed motor, it is necessary to open the circuit 
wliich in most forms of switchgear gives rise to a certain 
amount of arcing. 

(I have for many years made it my practice in all 
such cases to open the circuit first, by a special switch 
designed with adequate blow-out apparatus, etc., to 
avoid arcing ;. then, while the motor circuits are com¬ 
pletely dead, to change the connections, which may, 
of course, be done without any arcing, because they 
are not carrying any current- j and, lastly, to close the 
main circuit again through the switch specify provided 
for that purpose. The contactors shown in the figure 
perform this function also.) 

(4) The small switch on the right serves to open 
the contactor magnets, and causes .them to act as a 
line switch, isolating the whole of the apparatus from 
the line as soon as it is opened. 

The connections on the back of the board are not 
unduly complicated and are carried out by means of 
bare copper rods about ^ in. diameter, in the standard 
manner. A mechanical interlock formed by the vertical 
rods below the contactors is fitted between the con¬ 
tactors and the cam shaft by means of an auxiliary 
shaft geared to the cam shaft, in the ratio of 1 to 4. 

The operation of tliis interlock is as follows:— 
Qjj^ making a slight movement of the controller handle, 
the contactor magnets are opened. No further move¬ 
ment is possible until both the contactors are fully 
opened. When tliis has taken place the shaft is freed, 
and on moving it further the cams Ipegin to move ^d 
alter the adjustment of the main switches. When 
the handle of the controller has moved, say, 180®, 
then the adjustment has been completed and the 
magnet circuit of the contactors is re-energized, closing 
them when the machine continues to operate on the 
new number of poles. Although these operations take 
father a long time to describe, they do not, in practice, 
take more Idian two seconds. 

Characteristics of* the Equipment. 

We now come to the description of the characteristics 
of machines of this type which are rendered available 
•by the system of control just described. As has already 
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been pointed out, squirrel-cage motors of the multi-speed 
type can find a very much greater field of utility than 
when used on a single speed only, since the cliief draw¬ 
back is almost completely overcome in the multi-speed 
form. This advantage, of course, relates to the starting. 
Consider, for instance, a 2-pole and a 4-pole motor. 


alternatively, for the same torque the 4-pole motor will, 
require only half as much current; hence, if we can 
arrange a motor so that it starts on four poles and runs 
on two poles, to obtain a given starting torque it will 
take only half the starting current that it would require 
if it started on two poles. This is the origin of-the very 



Fig. 16.—Arrangement of variable-speed motor coiihorpanel. 


both having the same air-gap density. In the former 
there will , be only two conductors in series, each lying 
in the middle of the pole-face, and the 4-pole motor 
will have four such conductors. If, therefore, we send 
•Ihe same current through the four conductors as through 
the two conductors, we shall obtain twice as much torquQl^ 
in the 4-pole machine as in the 2-pole machine, or, 


greatly improved performance of the squirrel-cage 
motor when used as a multi-speed machine. In squirrel- 
cage motors having a speed-range of two to one, or more, 
it is always possible 'tp obtain full-load starting torque 
with not more than twice full-load current. All machines, 
of whatever size, ha^g the same speed-range are capable 
of this ratio of starting torque to starting current, but 
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if switched straight on to the line larger machines fre- 
(juently take much greater current and give correspond¬ 
ingly greater torques. In most cases, therefore, the use 
of an auto-transformer is necessary with large machines. 
This may be seen from Fig. 16, in which is shown 
starting torque plotted against starting current for a 
4-,*^- and 8-pole motor built by Messrs. F. & A. Parkinson, 
Ltd. It will be seen that with the 8-pole connection 
the machine gives 1-7 times full-load torque with twice 



seconds after they dose. This third contactor, when 
closed, bridges three resistances each placed in series 
with one of the lines; hence, directly the contactor 
opens, these resistances are placed in circuit, being 
adjusted to produce any desired rate of acceleration. 
They remain in series with the line during the operation 
of changing speeds, and are cut out when this opera¬ 
tion has been completed. 

In Fig. 17 are shown the current-surges produced in 
changing speed in a squirrel-cage motor arranged for 
all numbers of poles between 8 and 16, both with and 
without (dotted curves) a similar device, substituting 
an auto-trans former for the resistance. It will be seen 
that by its use the maximum current-surge is reduced 
to about one-half. 

. In a motor having a wide speed-range, the lowest 



full-load current. With a • 6-pole connection it gives 
2 • 4 times full-load torque with 3 • 6 times full-load current. 
With a 4-pole connection it gives 3 times full-load 
torque with 1*6 times full-load current. 

Another point frequently arising with multi-speed 
squirrel-cage motors relates to the current-rush on 
changing speed and the rate of acceleration from one 
speed to the next. Both these factors are under exact 



speed-steps are very small and there is seldom any 
need for such a devxe. It is on high speeds, however, 
that it is needed. The figure illustrates 4^e marked 
reduction in the current-surge on these higher speeds 
(shown towards the right of the figure), the device 
of course being adjusted to suit this case. 



Fig. 19. 


control by the use, in series with the motor, of primary 
resistance, which, of course, has the effect of reducing 
the voltage during the change of speed. 

Returning to Fi^. 16, in order to make use of this 
method of regulating the rate of sfcceleration between 
speeds, there is fitted on the panel by the side of those 
shown a third contactor which opens when they open, 
and which closes, due to the action of a dashpot, a few 


*This method of starting and changing speed can be 
employed in motors up to several hundred horse-power, 
and renders the squirrel-cage motor adaptable to a vast 
variety of purposes for which it has never been found 
possible to use it before. A further extension of its 
field may be obtained by the use of centrifugal clutcheSi 
now coming into such general use, which may be arranged 
to operate at the lowest speed of the motor, the speed- 
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change from this point being arranged in the manner 
just described. 

To sum up, the sequence of operations to change speed 
in the case of a squirrel-cage motor, for instance, would 
be as follows :— 

(1) The first movement of the controller handle causes 
the contactor to open, thereby cutting off the supply 
from the installation and rendering it “ dead.** 

(2) A further movement of the controller handle 
opens the switch-units ** and recloses them in the 
correct combination to suit the next speed and, as the 


twice as great in a 12-pole machine as in a 6-pole one. 
It will be shown below that this assumption is very 
nearly fulfilled in this type of machine. 

This figure shows clearly the cause of the very great 
economy in starting current which is found in practice 
and was illustrated in Fig. 16. It will be seen that 
with 16 poles the motor takes about one-tliird of the 
starting current required with a 6-pole connection. 
Since the motor gives the same torque at all speeds, 
the ordinates to each circle represent the torque to "a 
scale such that the torque represented by 1 mm on 
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Fig. 20,—Performance curves with high-resistance roton 


supply is cut off meanwhile, the change takes place 
without any sparking. 

(3) When the controller handle has been moved to 
the notch corresponding to the speed desired, the 
contactor closes again and the circuit is re-established, 
the whole operation of changing speed taking approm- 
mateXy two or three seconds and being accomplished 
by one movement of the controller handle. In Fig. 18 
is shown a series of circle diagrams for such a multi¬ 
speed motor operating on all numbers of poles frcm 6 
to 16 and absorbing the same magnetizing current in ah 
cases. These, diagrams assume that the'leakage coef|- 
dlmt is proportional to the number of poles, thus being 


the diagram is proportional to the number of f)oles. 
Hence, in spite of the small current consumption, the 
motor can yield a powerful starting torque at the 
lowest speed. 

Slip-ring motors ,—^It is possible to design a rotor 
winding for a machine having any number of speeds 
which shall give genuine slip-ring control up to one 
of these speeds, for instance, the top speedy and operate 
as, a short-circuited secondary wngding on all other 
speeds. One convenient way of effecting this result 
is by using such a winding as is shown in Fig. 6 but 
permanently conflected so as to be capable of direct 
connection to the line. This connection is shown in 
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Fig. 10 and it will be seen that, as so connected, the 
winding requires no more than three terminals and can 
therefore be connected to the usual number of slip-rings. 

On all other numbers of poles than six, however, 
the winding would require more than three terminals 
to enable it to be connected to any outside circuit, and 
if *these terminals are short-circuited the winding is 
also internally short-dbrcuited. Hence, the secondary 
currents which on 6-pole operation flow through the 
slip-rings, on any other number of poles flow through 


The operation of starting the slip-ring motor on any 
other than the top speed is therefore as follows:— 

(1) Set the controller to the starting position which 
will produce in the motor a number of poles correspond¬ 
ing to the top speed. 

(2) Gradually close the starting rheostat, when the 

motor will speed up. , 

(3) When the motor has reached the speed desired, 
which will of course be less than top speed, move the 
controller from the starting position to the running 


1-0 FULLUDAD 


■■■■■■■■■■■■I 

■■■■■■■■■I- 

mmmmmmZmmmmmf 

-- 

mmwmmwMmmmm 

mmfmm'Mmmmmm 

■V 

■linBBBBBBBBB 

gif’BBBBBBBBBB 

inBBBBBHBBBB 

■ »BBBBBBBaB 


s:s:saiiss 

.:iss:bss 

■■^55SS2! 

!■■■■■■ 
_■■■■■■I 


■■■■■I 

mhEi 


('/■■■■■■■■■■■I 
limmmmmmmmmmmw 


!■■■■■■ 

_. 

■■■■■■■■■■I 

■■■■■■■■■■I 


■■■■■■■■■■■■■■■■■BBS! 

■■■■■■■■■■■■■■■■■■■■■■I 

l■ri■■■u■■■■r:p■BBSSS95SLai 

l■J■■■■■■pS■■■■■BBBB9999! 
l■i■■■■■v:;i■■■■■■■BB99999! 
|li■■■■v:;tf■■B■■9B99B99999! 

|ll■■■r:^■■■■iBB9BE9B99999! 

lll■"H■9■■■■■■■■BBB9999! 

J ■■■■■■■■■■■■■■■■■■■■■■■ 
<■■■■■■■■■■■■■■■■■■■■■■■ 


!BSSSSSS3!9i!IS 

•BBSSSpffi^S 

■BBnHBBBBBBflB 

ibhbiibbbbbbb! 

IBHBHBBBBBIBI 

IBHBBIBaBBBgH 


JBIBBBBBflBBBL^. 

■BBBBBBBBBBBBII 
IBBBBflBBBBBflr~” 
IBBBBBBBBBBBI 
IBBBHBBBBBBBI 
IBBBBBBBBBBBI 


IBBBBBB BBBBB BI 

■BBBBBEiiiianianBi 

■BBBBBBBBBBBBI 


I^O FULL LOAD 


FULLUDAD 1*0 


i■■■!S■S■S93j^S9!l9SiS■SBBS 

aaaiBBBBBBBBHillBBliBS 


SSBSflSL.. 

BSBasSaBlsaa u==^..-_ 

gMSKSaasigigiSSaa Saail 

"""""'iLssmaaip 

SSSSSSSaii SjEL,. 


imnmmmmmmmrM 

- 

bjSSSSiBBBSB! 

IIIBUI 


BflBflBBBBBBBIiaBBB! 

iBBaBBBaaBBBjiaBBBI 

ggaB88BBBBB8iaBBSBgBBaaS!!agSBaBl 


liiiiiH 


■■■■■■■■■■■I 

■■■■■■■■■■■I 

■■■■■■■■■■■I 

ihhhhhhhhhI 


iBBBSflBSSilBflBBBBBgljjMBBiBBlj 

»B!"SS8SI888asaaBlia8B888L, 

iBflRBBBBBSISBSSSflflSilBBSflBBflBniiiiBifliBBl 

| gagsaiigag8BiB 8gaai:;; aaaal 

|na"assiaaaffl|aamB8an...i.| 

!SS ^^gi!gg5SSSSSggga gg SHM^^ 

3 iSbSSSBSS ■■■■■■■■■■■■■■■■■■ SSSBS 5 !! 5 !al 

I l^■BBBflBIIBBBBBBBBIIflBBBBflBBI■BBBBBBBBBB| 

lmsiassasiiaragaaai^,a| 


Fig. 21.—Performance curves with normal low-resistance rotor. 
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the Internal circuits of the winding and do not pass 
through the slip-rings at all. i 

By means of this construction a motor is produced 
which can be arranged to be accelerated, by means of 
an ordinary resistance connected across its three slip- 
rings, from standstill to any one of its six speeds, starting, 
if desired, with from 2 to 2j times full-load torque. On 
reaching the speed at which it is desired to run, a 
movement of the controller handle changes the number 
of poles of the motor to the deased value, when the 
currents in the rotor winding are automatically diverted 
from the slip-rings and continue to flc^ in closed circuits 
in the winding. 


porition corresponding to the speed at which it is 
running. This will have the effect of changing iho 
number of poles to that corresponding to the controller 
notch employed, when the starter is automatically 
cut out as already described and the motor continues 
to run with its rotor short-circuited. . 

* (4) The starter may now be open-circuited at leisure. 

A tachometer may be provided in order to enable 
the operator to know the proper inpmept to change 
from starting to running position. . 

In Figs. 20 and 21 are shown some curves of efficiency 
and power factor of a 70 h.p. motor arranged to give 
all numbers of poles from 8 to 10, 
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Fig. 20 shows efficiency, power factor and slip curves 
for the 70 h.p. motor referred to above, arranged to 
give all numbers of poles from 8 to 10. These curves 
correspond to the results obtained when fitted with a 
high-resistance rotor adapted to give the powerful torque 
required in connection with this motor. 

Fig. 21 shows corresponding curves for the same 
macMne when fitted with a normal low-resistance rotor 
commonly used witli squirrel-cage macliines. Com¬ 
paring these two sets of curves, a result will be noticed 
which at first appears rather strange, namely, that 
the efficiencies of the machine with a high-resistance 
rotor and with a low-resistance rotor are not very 
different for the same speed, while the power factor 
of the machine with high-resistance rotor is a good deal 
less than that of the machine when fitted with low- 
resistance rotor. 

This is due to a method which can be employed in 
the induc^on motor to enable a high-resistance rotor 
'•to be employed without loss of overall efficiencjr. The 
torq-ue of the motor is, of course, proportional to the 
product of ampere-conductors by flux density. If, 
therefore, we compare two motors having, say, flux 
densities in the ratio of 1 • 6 to 1, then in order to give 
the same torque they will require a number of rotor 
ampere-conductors in the ratio of 1 to 1 • 6, the machine 
having the stronger flux density requiring only two- 
thirds of the current in the rotor bars required by that 
having the smaller flux density. Two-thirds of the 
rotor current means of course four-ninths, or less 
than half, of the rotor I^R loss and, consequently, if 
we desire the resistance loss to be the same in both cases, 
the machine with the stronger flux density may have 
times the rotor. resistance of that with the weaker 
flux density. 

This method was adopted in the motor illustrated 
in the above figures, which by means of tappings on 
the transformer -was adapted to operate with either a 
strong or a weak flux. The strong flux used with the 
high-resistance rotor involves, of course, low power 
factor, and this is the explanation of the nature of the 
curves shoivn. By using stalloy steel punchings the 
iron loss was reduced to such a small proportion of 
tlxe whole that the increased iron loss due to the 
stronger flux produced only a negligible effect on the 
efficiency. 

Thus, by this process the squirrel-cage motor can be 
adapted to give any desired starting torque, without 
loss of efficiency,, wherever we are prepared to sacrifice 
power factor to obtain this result, or to use additional 
power-factor-compensation devices such,as condensers. 

Power factor and efficiency ,—^Referring to the. curves 
given above, it may be seen that the characteristics 
of the machine as regards power factor and efficiency 
are, broadly speaking, as follows :— 

The efficiency remains very nearly the same at aU 
speeds, though there is a slight reduction at reduced 
speeds, due, broadly, to the fact that the losses remain 
. approximately constant at all speeds, while the output, 
of course, falls off in^proportion to tile speed. In the 
larger sizes, this reduction in efficiency will seldom 
. exceed 6 per cent. The efficiency at top speed is, of 
course, practically the same as in a standard motor. 


The power factor also varies, as we change speed, to a 
somewhat greater degree than the efficiency, tliis varia¬ 
tion being due, broadly speaking again, to the fact that 
the magnetizing current remains the same at all speeds, 
while the true power input falls off prc portionately 
to the reduction of speed. Again, in the larger sizes 
this variation will seldom exceed 10 per cent. -t 
The only thing which needs to be borne in mind 
from the power supply point of view is that these 
maclunes absorb a constant amount of wattless current 
at all speeds, and that this amount is not greater than 
that absorbed by a standard machine having the same 



rating. Perhaps it may serve to make the matter clearer 
if we compare the equipment with a standard motor 
driving through a gear box, a load which requires 
constant torque at all speeds. At top speed the motor 
is fully loaded and operates with its best power factor 
and efficiency. As the speed and the load are reduced 
by changing gear, the output of the motor falls off and 
with ..it the power factor and efficiency to some extent. 
To almost exactly the same extent do the power factor 
and efficiency of the equipment described fall off when 
the load is reduced,; in fact, tlie controller described 
above may be regarded as an electrical method of 
changing gear. 

Reference has been made above to the fact that the 
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l6a.ka.g6 coe£R.ci6nt of those nia.cMn6S is practically 
proportional to the number of poles, and in Kig. 22 
are shown some curves of leakage. coefficients plotted 
against the number of poles. These curves illustrate 
this feature. Such curves, it is beheved, w.ll be of 
consders^ble interest to designers, and clearly could 
not be obtained from any other type of motor except 
one retaining an absolutely identical winding on all 
numbers of poles. Comparisons have frequently been 
made between motors having different numbers of poles, 
but th s, of course, is not at all the same tiling as in the 
case of a single multi-speed motor. 


One of the marked advantages of a cascade set is 
that it is possible to obtain not only two efficient speeds 
but also resistance control from standstill to the lower 
speed and, in addition, resistance control from the 
lower speed to the top speed. If the rotor of the second 
macliine is fitted with slip-rings, then, if the first machine 
is connected to the line and the sUp-rings of the second 
machine are gradually short-circuited through a resist¬ 
ance, the machine w.ll start and rise gradually in speed, 
being under complete control by means of the rheostat, 
to the lower of its two effic ent speeds, ^which it reaches 
when the slip-rings are completely short-circuited. If 



Fig-. 23. 


Fart 2. 

The Cascade Motor. 

As previously pointed out, a second line of progress 
in the development of tb.e induction motor leads in the 
direction of the internal cascade machine, a.s originally 
invented and developed by Mr. L, J. Hunt, but winch 
has recently undergone very great further development 
which have adapted it to a very much larger field^ 
The cascade macliine has been described before the 
Institution several times in recent years and therefore 
I need only describe its principles very briefly, laying 
more stress on the different practical forms which it 
assumes and, on the functions which it is capable of 
performing in the general system of electric power supply. 

We may first of all briefly recall the general principles 
of a cascade operation. In Fig. 23 are 
machines mechanically coupled together, in which the 
sUp-rings of the first are connected to the stator winding 
of the second. The second machine is assumed to be 
wound for two potes and the first for six, and tlie com¬ 
bination will run at 750 r.p.m. orf a 50-period circuit, 
viz. at a speed corresponding to (6 2) poles. 

* F. Greedy: “Some Developments in Multi-speed Cascade 
Induction Motors,*^ Journal 1921, vol. 69, p. 611. 


we now connect a similar resistance across the slip- 
rings of the first machine, then, on gradually short- 
circuiting them, the machine will rise from its lower 
efficient speed, say 750 r.p.m., to the higher, 1000 r.p.m., 



Short-circuit 

device 


Fig. 24. 

which it reaches when the slip-rings of the first machine 
are . short-circuited, and the second machine is thereby 
entirely cut out of action. , ^ ^ 

The advantages of these characteristics are, of course, 
very great, and the peculiar merit of Mr. Hunt's in¬ 
vention consists in having enabled us to realize them 
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practically in one machine instead of two, whereby all 
tlie disadvantages of poor power factor and efficiency 
and higlier first cost, which are inherent in the nse of 
two distinct machines, are avoided. 

How this has been accomplished has very recently 
been described before the Institution,* so I will not 
discuss it again. It will be sufficient to say that the 
final result is a motor as shown in Fig. 24 having only 



^ Bxalre horse-power 

Fig, 25.—Efficiency curves of a Sandycroft two-speed 
cascade 3 000 volt, 60 period rolling-mill motor; 860 b.h.p, 
at 120*6 r.p.m., and 676.b.h.p. at 81*6 r.p.m. 


switchgear and forms the only multi-speed induction 
motor in which it is possible to change speed without 
opening the circuit. 

Internal cascade machines of this type, however, as 
built up to recent years were restricted to machines 
having their lowest efficient speeds corresponding to 
numbers of poles of 12, 18 and 24, etc., and to two 
definite ratios of speeds, namely, 3 —2 and 3—1. While 
much work been accomplished by this means, and 
great credit is due to Messrs. Sandycroft for the results 
obtained, it is believed that now that these limitations 
have been removed they will be able to cover a much 
wider field. Machines can now be built the lowest 
speeds of which correspond to any number of poles 
exceeding six alfd having, in theory, any desired ratio 
of speeds. Certain practical limitations to the speed 
ratios of two-speed motors are introduced by the rule 
as regards the number of slip-rings required by such 
a machine. This rule is as follows:— 

A motor to give a top speed corresponding to M poles 
arid a bottom speed corresponding to (M -f- N) poles^ will 
have a number of slip’-rings equal to (M -f* N)/(G.C,M. 
of M and N). 


a single winding on each member, the stator being 
connected, on the one hand’, to the line as a primary 
winding, and on the other to a starter as shown, the 
resistance of which is gradually cut out in order to 
bring the machine from standstill up to its cascade 
speed. This having been done, on further short-circuit- 
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Brake horse-pcfwer 

Fig. 26.—Power factor curves for the motor referred to 
in Fig. 25. 


ing the resistances R placed across the slip-rings the c 
motor will rise from its cascade speed to its maximum 
speed. 

"An alternative method of operation consists in having 
both sets of sHp-rings on the one rotor and thus obtaining 
for a particular combination of numbers of poles a 
machine with six sHp-rings, the same number as are 
required in the cascade set. By short-drcuitmg three of 
these through a resistance, the machine is brought up 
to its lower speed, while by short-circuiting the re¬ 
maining, three it is brought up to its top speed. Tins 
method of starting particularly advantageous for 
high-tension machines, since it avoids all high-tension 

. * F. Orbedy; Some Devdopmeats in Multi-speed Cascacb 
Inductloa Motors,” Journal 1921, vol. 59, p. 511. 



Brake horse-power 

Fig. 27.—Performance curves of a single-speed, 460 b.h.p., 
122 r.p.m., 600 volt, 60 period rolling-mill motor. 


For cases where either M or N is large and where 
there is no common factor between them, clearly the 
number of sHp-rings may be higher than is desirable, 
but setting aside .these cases a very large number of 
new ratios become available. For instance, confining 
ourselves to apparatus requiring less than six sHp-rings 
the following combinations, among others, can be built: 


Ratio 

4—3 

6—4 

6—3 

6—6 


Speeds offered oa 50 periods 

1 000/760 or 600/375, etc. 
760/600 or 376/300, etc. 
600/300 or 260/160, etc. 
600/600 or 300/260, etc. 


Some of these ratios are particularly important in 
certain classes of application, e.g. in mine fan motors 
where the power developed decreases as the cube of 
the speed. In these cases the reduction from full speed 
to two-thirds is sometimes found to be too great and 
a smaller reduction, say from fulb speed to 6/6 or 
4/6 fuU speed, mayr.meet the conditions more fully. 

Besides this, only a very small reduction is necessary 
for flywheel sets aSid in this case the new ratios prove 
also of very great advantage. 
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The slip-regulator operating the rotor circuit of a 
two-speed, cascade motor wastes very much less power, 
and consequently may be of very mucli smaller and 
lighter construction than when used with an ordinary 
single-speed induction motor. 

Curves‘relating to a two-speed rolling-mill motor of 
* considerable size in which these properties of the cascade 
motor are made advantageous use of are shown in 
Pigs. 25 and 26, which, I think, will be found to be 
self-explanatory. In Fig. 27 are shown performance 
curves of a single-speed cascade rolling-mill motor which 
was adopted on account of the absence of slip-rings, 
and the singularly substantial construction of the rotor 
winding, both of which are of great importance in steel- 
mill work. 

So far we have dealt with the cascade set pure 
and simple, in which the speed-change can be ejected 
without opening the stator circuit. By combining the 
cascade method with the pole-changing method pre¬ 
viously described, machines may be built for three or 
more speeds. To do this the primary winding is adapted 
for several numbers of poles, which may be done in 
a variety of ways, although, due to its double function 
as primary of the first machine and secondary of the 
second machine, this is more difficult than where the 
winding only has to serve a single function as de¬ 
scribed in Part 1. The same cascade speed may be 
obtained by means of several different combinations 
of numbers of J)oles; for instance, a cascade speed of 
(3 4 ) =; 12 poles, may also be obtained from ( 10 - 1 - 2 ) 

=3 12 poles, and it has be^ proved that a secondary 
winding which is adapted to work with (8 4 - 4) poles 
will work equally well with (10 + 2 ). Hence, if we 
have the prii^ary winding of the machine arranged for 
8 poles, and the secondary winding adapted to (8 -h 4:), 
the machine, if running on its cascade speed, will go 
at the speed corresponding to 12 poles and, if we short- 
circuit the slip-rings, will rise from the 12 -pole speed 
(600 r.p.m.) to Ihe 8 -pole speed (760 r.p.m.). 

If, while the machine is running at its cascade speed 
(600 r.p.m.), we change the number of poles in the stator 
winding from ^ to 10 which, of course, involves a 
switching operation, there will be no change in the 
speed of the motor. If, however, wo now short-circuit 
the slip-rings, the machine will gradually rise from 
the 12 -pole speed (600 r.p.m.) to the 10 -pole speed 
(600 r.p,m.). Thus we have an apparatus preserving 
the unique characteristic of the cascade machine, viz. 
that of permitting a gradual regulation between speeds 
and yet having more than two speeds. 

Large, low-speed motors having speeds in the ratios 
just mentioned, e.g. motors running at 187/160/126 r.p.m., 
prove very advantageous in certain cases, .for instance 
in rolling mills. The principle just described may be 
extended to machines having four or more speeds, in 
all of which cases the cascade machine will rise from 
its cascade speed to any of the speeds for which the 
stator winding is adapted. 

For instance, a four-speed machine adapted to speeds 
, of 760/600/376/300 r.p.m. may be ■built. The limita¬ 
tions to the number of speeds which can be obtained by 
this process are due to the difficulty^ of designing the 
stator winding for a large number of different numbers 
VOL. 61 


of poles, and at the same time adapting it to act as a 
secondary. 

Other applications of the cascade machine ,—In addi¬ 
tion to its usefulness as a multi-speed machine, the 
cascade induction motor has a wide field of utility in 
other directions to which we may briefly refer. It has 
been pointed out that it may be started with a powerful 
torque and brought up to its cascade speed by merely 
cutting out a resistance connected across the tappings 
on the stator winding. Such a machine will have a 
completely short-circuited rotor without external con¬ 
nections, and it realizes the old desideratum of a squirrel- 
cage motor with slip-ring characteristics. 

I need not do more than very briefly point out the great 
advantages of such a construction in dusty or inflam¬ 
mable atmospheres, and its much greater rehahility. 

It has often been pointed out that the power factor 
of the cascade motor is materially higher than*that of the 
standard t 3 ^e of slip-ring induction motor running at the, 
same speed. This is due to the following two causes :— 

( 1 ) A cascade motor running at 600 r.p.m. is vibund 
for 8 poles, and therefore the pole-pitch is 60 per cent 
greater than in a standard 12-pole motor. The differ¬ 
ence in leakage between an 8 -pole and a 12 -pole motor 
is very considerable, as may be seen in Fig. 22. 

(2) The simple cascade rotor winding, approximating 
as it does more nearly to a squirrel-cage 'siding than 
to an ordinary slip-ring winding, gives rise to a much 
lower leakage, and these two causes, acting in conjunc¬ 
tion, account for the higher power factor of the cascade 
machine. 

Another application, which may possibly prove to 
be the most important of all, is as a synchronous 
machine for the purpose of improving the power factor. 
Such a machine has marked advantages over any other 
form of S3nichronous apparatus. 

The chief drawback to synchronous sets for improved 
power factor has up to now been their high cost, which 
is largely due to the amount of auxiliary apparatus 
they require, in addition to the large number of exciting 
ampere-tums necessary to give an adequate overload 
capacity. Both these features are very much reduced 
in the S3mchronous cascade set. 

In order to understand this, consider a cascade set, 
consisting of two machines, the stator of tjie second of 
which is electrically coupled ^to the slip-rings of the 
first, while tiiey are mounted on a common shaft. 
Let the second machine be arranged for two poles and 
• the first machine for six poles, then, as is well knoi^? 
the combination will run at 760 r.p.m. on a 60-period 
circuit, viz. at a speed corresponding to (6 + 2 ) poles. 

The second machine will receive from the slip-ringS 
a frequency one-quarter the line frequency, viz. 12*5 
periods per second. As is well known, the rotor of the 
second nlachine of tlie cascade set may be of any desired 
tjjpe, e.g. either of the squirrel-cage t 3 q)e, the slip-ring 
type, or even the revolving field of a synchronous motor. 

On the rotor of such a secondary synchronous motor 
a number of ampere-tums must be provided, equal to 
that on the stator, plus the amount necessary to produce 
the magnetic flux in this secondary machine. 

JbTow, in the internal cascade motor, the ratio of the 
to-tel flux. (flux per pole X ntimber of poles) in the 

23 
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parts corresponding to the primary and secondary 
motors in the cascade set which we are now discussing, 
is fixed by the construction of the rotor winding and 
is nearly equal in both cases. Consequently, a cascade 
set corresponding to the internal cascade macliine would 
have the same total flux in both its constituent machines. 
If the magnetic densities are the same, as they must 



28,—^Efficiency and power-factor curves of a two-speed, 
3 300 volt, 60 period, three-phase s 3 nichronous fan motor; 
860h.h.p. at 187*6 r.p.m.. and 260 h.h.p. at 126 r.p.m. 
Curves for 187*6 r.p.m. 


be, since both fluxes are carried by the same iron, it 
follows from fundamental electromagnetic laws tliat the 
turns per pole necessary to produce these fluxes in the 
primary and secondary machines are also nearly equal, 
and, since there are only two poles in the secondary 
motor to be excited instead of eight poles in a syn¬ 
chronous motor of normal construction running at the 
loose 1*0 

•6 

•6 


2056 ^ 0-2 

Bxah-e horse-povrer 
Fig. 29.—^Efficiency and power factor curves of the motor 
referred to in Fig. 28, at 125 r.p.m. 
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same speed (760 r.p.m.), only one-quarter of the 
exciting watts are needed. 

This shows itself in practice in the very much reduced 
size of exciter required by a cascade synchronous motor 
as compared with the older type. This characteristic 
renders the S3nichrpnous cascade motor feasible from 
the point of view of cost in much smaller sizes than 
any other tj^'pe of synchronous machine. Figs. 28 and 29 
show characteristics of a two-speed cascade synchronous 
machine of this type. 


Summary of Characteristics of Variable-speed, 
Alternating - current Motors without Com¬ 
mutators. 

large variety of speed combinations is available, 
giving any number of speeds up to five (or six with a 
panel-type controller), e.g. those shown in Fig. 13, all 
of whicii are capable of control by simple t 3 q)es of drum 
controller and some are capable of being built econo¬ 
mically down to 2 or 3 h.p. 

These have, for the most part, the characteristics 
of macliines with short-circuited secondaries, but are 
capable of starting at full-load torque with not more than 
twice full-load current, and the rate of acceleration in 
changing speed nnder full load is under exact control 
by simple means., 

(2) A slip-ring type of motor capable of any number 
of speeds up to six and capable of accelerating under, 
say, 2—21* times full-load torque from standstill to any 
of such speeds. 

(3) The two-speed cascade motor capable of accelerat¬ 
ing from standstill to its lowest speed under 2~2-|r times 
full-load torque by resistance control, and then rising 
fyom its lower to its higher speed by short-circuiting 
a resistance connected across the slip-rings. These two 
speeds may have practically any desired ratio. Speed- 
change is here eflected without opening the stator 
circuit. 

(4) A multi-speed cascade machine capable of starting 
and accelerating to its lowest speed.in the manner just 
described and then of risiijg from that speed to any 
one of its other speeds on short-circuiting the slip-rings. 

I believe it win be admitted, as a result of what has 
been said above, that it is possible to meet practically 
every condition of variable-speed working required in 
industrial pra-ctice by an appropriate method^ of control 
applied to the ordinary induction motor, this control 
involving no continuous waste of power or other un¬ 
desirable features, and consisting merely of simple and 
well-known types of switchgear and, in some cases, 
small transformers. 

For the few remaining cases in whichr an absolutely 
gradual speed-variation is required without loss of 
power, we have tlie pol 5 rphase commutator motor, with 
movable brushes as was described, for instance, in the 
paper by Mr. Teago.* 

Hence I feel that I should have no difficulty whatever 
in recommending a suitable variable-speed alternating- 
current motor to meet the conditions of any industrial 
" problem whatever, and that no cases remain in which 
it is either necessary or desirable to convert to direct 
current for the sake of obtaining variable-speed operation. 

* Joutml 1922, vd. 60, p. 828. 


Discussion before The Jnstitution, 4 January, 1923. 


Mr. L. J. Hunt: I propose to confine my remarks 
mainly to the windings. It is, I think, a remarkable 
fact, and one which ^11 appeal to the manufacturer, 
th^.t the winding which has made practicable the build¬ 
ing of commercial cascade motors is apparently als^ 
the be^t winding for variable-pole motors; I refer to 


the old cascade rotor winding which, as the author 
has shown, gives quite remarkable^-results when used 
as a stator winding for change-pole motors. Before 
the author studied this winding it had been used 
only for three-ph&e and six-phase currents, and as a 
variable-pole winding produced either as or 20? poles. 
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The unit winding was a six-sided figure which served 
for a six-pole cascade motor. The other windings were 
built up as multiples of this unit and so we had a 12- 
sided figure for 12 poles, an 18-sided figure for 18 poles, 
and so on, the windings being parallel connected. The 
author’s first discovery was that these windings would 
always give a cascade speed corresponding to a number 
of poles equal to the number of sides, irrespective of 
the number of poles for which the stator was wound; 
thus an 18-sided winding would give a cascade speed 
corresponding to 18 poles with a stator connected for 
either 16, 14, 12, 10, 8, 6, etc., poles, the number of 
auxiliary poles produced by the rotor being the differ¬ 
ence between 18 poles and the number of poles for which 
the stator is connected. Further, he fdund that when 
the slip-rings were short-circuited the winding would 
serve as a satisfactory secondary winding for any of 
the basal numbers of poles ; that is to say, if the stator 
were connected for six poles the winding would serve 
as a six-pole secondary winding or, equally well, as 
a secondary winding for the other numbers of poles. 
This discovery immediately pointed the way to the 
remarkable developments which the author has shown 
us. When used as a rotor winding the difference in 
phase between the several slip-rings varies with the 
number of poles provided by the stator. It follows 
tlierefore that if we use this winding as a primary and 
supply it with currents, the phase of which can be 
correspondingly• changed, we shall produce the same 
variations in the number of poles, and this the 
autlior has done by means ^f the beautifully worked- 
out phase transformer winch he has described. Fig. 6 
is familiar as the 18-pole cascade rotor winding, which 
before the author’s discovery had been used only for 
basal numbers of poles of 12 or 6, corresponding to 
three-phase*or six-phase currents; that is to say, tliis 
winding prior to these new developments had been used 
for only 6 or 12 poles or, in cascade, for 18 poles. The 
author has showh how very efiScient it is when used as 
a stator winding for producing a large number of speeds. 
He made a further discovery applicable to both change- 
pole and cascade motors. He found that in the past 
we had needlessly confined these windings to three- 
phase and six-phase types, and he showed that an 
8 -sided winding would operate as an 8-pole cascade 
rotor, a 20-sided winding as a 20-pole* machine, and so 
on. In his recent paper * ha defined these windings 
as suitable for use with two fields having numbers of 
pairs of poles prime to one another and botli odd. 
These windings greatly increased the possible speeds 
for which cascade motors could be wound, as they 
gave us 8, 16, 20, etc., poles. This greatly increased 
the scope of the motor, but further discoveries were 
made. Dr. F. T. Chapman, in his recent paper on 
.•’The Production'of Noise and Vibration in Certain 
Squirrel-cage Induction Motors,'’ f has proved that 
no unbalanced magnetic pull exists when a motor is 
subjected to two magnetic fields if the difference between 
the numbers of pole» is greater ,than two., This further 
increases the possible numbers ®f poles for which 
cascade machines can be . wound, as it shows that all 

♦ Journal T,E,E,, 1921, vol. 69, p. 611. 

t Ihid,, 1923, yol. 61, p. S9, 


speeds can be obtained excepting those corresponding to 
2, 4 or 6 poles, because a 10-pole motor can be obtained 
by taking basal numbers of poles of 8 and 2, thus giving 
a 10-sided winding, and with the stator wound for 8 
poles the rotor would produce a second field corre¬ 
sponding to 2 poles. These discoveries enormously 
increase the field for these machines. The author has 
referred to the reduced excitation required by syn¬ 
chronous cascade machines, and I have some figures 
derived from tests which show that a machine of this 
t 3 q)e with sufficient ampere-turns to give a maximum 
torque equal to twice full-load torque requires a net 
number of field ampere-tums equal to only 61 *4 per 
cent of the total stator ampere-tums. If allowance is 
made for the cancelled bars due to the shortened pole- 
pitch of the windings, the figure is 4 per cent greater 
than the alternating-current ampere-turns. The follow¬ 
ing figures relating to ship-propulsion motors may be 
of interest. They relate to a unit driving one propeller, 
shaft. This is arranged for full speed, two-thirds and 
one-half speed, and develops 20 000 b.h.p., 6 000 B.h.p. 
and 2 600 b.h.p., respectively, at the three speeds. At 
full speed the set runs as an induction motor, and at 
the other speeds as a cascade synchronous combination. 
At full speed (24 poles) the power factor is 0 • 91 and the 
efficiency 96*5 per cent, while at second speed (36 poles) 
the efficiency is 94 per cent and the power factor unity. 
At half speed (48 poles) the efficiency is 93*2 per cent 
with unity power factor. There are many points to be 
considered in the design of multi-speed motors, and two 
slides which I propose to exliibit show the great improve¬ 
ment which can be effected in the performance of these 
machines by using three groups of coils per pole, instead 
of three groups per pole pair. These figures relate to 
a 400-b.h.p., three-speed motor which was built man]/ 
3 ^ears ago. In the first place the stator was wound with 
three groups of coils per pair of poles, and the efficiencies 
and power factors obtained can be seen on the slide. 
At a later date the motor was reconnected with the coils 
arranged in three groups per pole, and the vast improve¬ 
ment in both efficiency and power factor is shown. 
At 20-pole speed the efficiency improved from 87 to 
90*5 per cent and tlie power factor from 0*795* to 0*9. 
At 30-pole speed (cascade) the efficiency was raised 
from 80 to 87 per cent and the power factor from 
0*666 to 0*79. These figures are rather remarkable, a.s 
they indicate the harmful effects due to the presence 
of extraneous fields, 

^ Dr. S. P. Smith : The author’s achievement in tli© 
field of the variable-speed induction motor is no mean 
one, and he has given us what we very much needed. 
The fact that the induction motor could not be madS 
to vary its speed economically by any simple means 
has been one of the greatest drawbacks in its develop¬ 
ment. We have long had various arrangements of two 
m^tchines and also of two windings on a single machine, but 
the author now shows how to make the ordinary squirrel- 
cage induction motor run at 2, 3, 4, 6, or even 6 econo¬ 
mical speeds. In that way he has rendered us a ve:^. 
great service and has made it possible to avoid, in 
many cases, converting alternating into direct current. 
Tfce author's multi-speed motor has advantages in 
addition to its speed-changing properties. With an 
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ordinaiy squirrel-cage single-speed motor, if full-load 
torque is required at starting, something like 4 to 6 
times full-load current is needed. Except in the case 
of small motors the supply undertaking would not allow 
this, and therefore 'a slip-ring motor must be used. 
The multi-speed motor, however, can give full-load 
torque with twice full-load current, which should not 
be objected to on large systems. Another advantage 
which should be emphasized is that the multi-speed 
motor will give constant torque at all speeds. The 
shunt motor has not this advantage. Assuming constant 
armature current in a shunt motor, the torque falls off 
as the speed rises, so that the horse-power remains 


radians. The numbers in the figures refer to the’ 
numbers of the transformer phases. The top left-hand 
figure shows that the motor tappings 1, 2, 3, 4, etc., 
are connected to phases 1, 2, 3, 4, etc., of the trans¬ 
former. Thus for one pole-pair, or 2ir radians, we 
must go round the whole periphery. In the middle 
diagram on the top line the author would connect phase 1 
of his transformer to tapping 1 of his motor, but phase 3 
of his transformer goes to tapping 2 of his motor, and 
so on, so that the phase angle would now be 4^/13. 
One pole-pair (2ff radians) is now accomplished with 
a half-tour of the stator winding, so that the motor has 
four poles (p = 2). Similarly the other possibilities 



constant, What the user generally wants for many 
classes of drives, however, is constant torque, or output 
proportional to speed. This property can be obtained 
with the a.c. motor with or without a coinmutator. 
The reason is simple. In order to make the horse¬ 
power increase as the speed rises, the voltage must be 
increased. It is complicated to do this with direct 
current, but with altimating current it is usually a 
simple matter to utilize the motor fully under all con¬ 
ditions. Pig. A will enable the interior of the author's 
multi-speed motor tcf be seen from a different point of 
view. The arrangement is shown for a thirteen-phase 
transformer or phase converter. With 13 phases on Hfie 
transformer. the angle between the phases is 27r/13 


give p =s 3, 4, 6 and 6 pole-pairs. Thus the thirteen- 
phase transformer will give a six-speed motor. (3n the 
author's motor an 18-phase arrangement is used to 
simplify the connections, tappings, etc. By using the 
multi-speed or ext^ded cascade motor, it may be 
possible to dispense with speed-regulating sets such as 
the Scherbius, It will be inter^ting to see whether 
these arrangements can he used for large, reversible 
sets such as rolling mills, winding engines, etc. There 
still remains,, however, the need for power factor 
improvement and* gradual speed-change, which may 
entail at times the use of a.c. commutator machinesi 
Mr. H. Jack^: In this country, due to the large 
number of relatively small power companies; the pro- 
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portion of d.c. to a.c. motors has always been higher 
than in the majority of other countries. The tendency 
is", however, for the proportion of a.c. motors to increase 
considerably, and lie need for a good variable-speed 
a.c. motor has become extremely important. It is 
generally ^mitted by designers that a motor with the 
simplicity and the possible speeds of the d.c. shunt 
motor would meet the market requirements. The fact 
that the d.c. motor has a commutator is not now con¬ 
sidered a serious defect. In addition to comparing the 
motor described in the pap^ with the variable-speed 
d.c. motor, it is also possible to examine how far it 
meets the actual practical requirements of a variable- 
speed a.c. motor and to compare it with other multi¬ 
speed and variable-speed motors on th/t market, such 
as the ordinary change-pole motor and the a.c. com¬ 
mutator motor. For the past 16 or 20 years we have 
had 2-, 3- and 4-speed change-pole multi-speed a.c. 
motors. These motors have been robust and com¬ 
paratively cheap, yet they have not met the require¬ 
ments of a variable-speed motor. By adding a phase 
converter and an elaborate controller, the author has 
again given us a multi-speed rather than a variable- 
speed motor. The sum of the whole matter is, there¬ 
fore, that in some cases two additional speeds can be 
obtained by the author^s motor, as compared with the 
change-pole motors previously available. Considering 
that the 2-, 3- and 4-speed change-pole motors have 
failed to meet thp requirements, I think that the number 
of cases in which the motor described in the lecture will 
come any nearer the requirements is extremely limited, 
as it still has practically all the defects of other multi¬ 
speed change-pole motors. The speeds available are 
too limited. For example, on 25 periods there is no 
speed between 1 600 r.p.m. and 760 r.p.m., and the 
next speed is 600 r.p.m. Hence, on a motor with a 2 : 1 
speed-range there are only three available speeds. If 
the maximum speed is chosen as 760 r.p.m. there are 
still only three available speeds on a speed-range of 
760 to 376 r.p.m. On 40 periods there is no speed 
between 1 200 r.p.m. and 800 r.p.m., and the next 
possible speed ^is 600 r.p.m., and similarly on 60 
periods there are no possible speeds between 1 600, 
1000 and 760 r.p.m. Further, the current-rush on 
changing from one speed to another is excessive 
unless the additional complication of inserting resist¬ 
ance in the primary circuit be;fore changing to the next 
speed and then cutting it out again, is introduced. 
Also, the power factor on the low&c speeds is very poor 
and the air-gap may be reduced unduly in order to 
improve this power factor. Consider now the a.c. 
commutator motor which has been developed during 
the past few years. We have the series t 3 q)e and the 
shunt ty^e. The former is suitable only where the load 
is constant at each speed, and thus meets only a limited 
number of requirements. The shunt type should be 
more correctly called the type having a characteristic 
similar to the d.c. shunt motor. The motor is made 
in this country, and the increasing demand diows that 
it is meeting the requirements for a ^ue variable-speed 
a.c. motor comparable with the d.c. shunt motor. 
Its construction is simple, and 4he commutator 
requires to deal with only a small proportion of the 


power of the motor. It is usually constructed for 
speed-ranges of 3: 1, but for sizes below 100 h.p. con¬ 
siderably greater speed-ranges can be given, and in this 
respect the motor is actually superior to the d.c. shunt 
njotor. The important point, however, is that between 
the lowest speed and the liighest speed any desired 
speed can be obtained, and this cannot be obtained 
with the change-pole motor. The a.c. commutator 
motor is even superior to the d.c. shunt motor in this 
respect, as the speeds of the d.c. motor are dependent 
on the grading of the field rheostat, whereas the a.c. 
motor gives the equivalent of a d.c. motor with an 
infinite number of rheostat contacts between the limits 
of the speed-range. Further, no rheostat or controller 
is necessary with the a.c. commutator motor, and it is 
only necessary to provide a starting switch. The start¬ 
ing current is about equal to full-load current and the 
starting torque is from one to two times full-load torque. 
Further, by the insertion of resistance it is possible to 
get extremely low crawling speeds, and at these speeds' 
the motor is far more stable than the ordinary induq^tion 
motor. The power factor at the higher speeds is unity, 
or even leading, and can be maintained at a high value 
at fractional loads. At low speeds the power factor 
can also be maintained at a fairly high value. These 
features of tlie a.c. commutator motor are suf&dent to 
show that in it we have a motor equal to the d.c. shunt 
motor and capable of meeting all the requirements for 
sizes up to from 160 to 300 h.p., according to the speed- 
range and the frequency. The a.c. commutator motor 
has not yet been developed to the sizes required for 
large rolling-mill work, but the multi-speed change-pole 
motor is quite unsmtable for large reversing rolling 
mills or modem continuous mills. For the latest type 
of continuous mill, several of which have been recently 
installed in this country, the demand is again for a 
large number of speeds of the order of 17 to 31, and 
the powers are as large as 4 000 h.p. Such require¬ 
ments witli an a.c. supply are best met by the induction 
motor working in series with an a.c. commutator motor 
of the Scherbius type. For small speed-ranges the speed 
is varied from synchronism downwards, and for larger 
speed-ranges the speed is varied both above and below 
synchronous speed. Apart from rolling mills and 
similar heavy duty, variable-speed motors are required 
mainly for paper making, paper printing, reciprocating 
pumps, compressors, fans, calenders for paper and 
textiles, rubber manufacture, stokers, machine tools 
and certain special textile work such as calico printing^ 
"^and cotton spinning. The different speeds are demanded 
by the variation in tlie class of work with the same 
machine, and, in addition, the variation of the quality 
of the materials with the same class of work. The 
variation in the class of work demands a large speed- 
range and as large a number of speeds as possible in 
that range. A variation in the quality of the material 
ddbiands a temporary or occasional slight change in 
speed from the customary speed for that work. It is 
evident^ therefore, that, vdth the exception of large 
rolling-mill work and ©“^er heavy duty, the variable- 
speed a.c. commutator motor with the shunt-t 3 q)e 
characteristic and its gradual change from one speed to 
another, fulfils the requirements of industry for medium- 
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to small-size variable-speed ax. motors far better than j [Mr. Creedy’s reply to this discussion will be found 
any change-pole motor. i on page 333.] 


North Midland Centre, at Leeds, 9 January, 1923. 


Mr. J. C. B. Ingleby: In connection with Fig. 17 
I do not quite understand wliich peaks are supposed 
to represent the five speeds for the 8, 10, 12, 14, and 
16-pole machines, or why the lower no-load currents 
fall so considerably. Can the author say why, for any 
given speed shown in Fig. 22, the leakages differ ? 
For instance, taking the 10-pole machine, the leakage is 
1 • 1 on the top curve and 1 • 82 on the bottom. Referring 
to the curve of costs shown on the slide, it appears that 
the difference in price compared with the slip-ring motor 
varies from 60 per cent to 100 per cent. Does that 
increase of cost include a starter and transformer, or 
is it for the motor only ? The author's motors will 
'‘effect a great saving in copper, and it should be 
compierdally practicable to put them on the market. 

Mr. W. B« Woodhouse : It would, I think, be useful 
to have a comparison of this particular t 3 ^e of motor 
with the other alternating-current motors that may 
be used. First, in respect of the efficiency at different 
speeds, if the author could give, for example, the 
relative efficiencies, at various speeds, of a Greedy 
motor as compared with a slip-ring motor, where the 


! speed regulation is obtained by resistance in'the rqtor, 
and as compared with any recognized type of com¬ 
mutator motor, I think that the advantage of the Greedy 
motor would be more evident. It is a great advantage 
to have a stable speed wliich is some percentage of 
the highest speed. Where the speed of a slip-ring, 
motor is regulated by rotor resistance, one remembers 
that the speed is not stable if the load varies. I tliink 
it would be useful also if we could have a similar com¬ 
parison for the torques of these different types of machine 
at different speeds. A machine in which the torque 
varies with the speed may suit one purpose. In other 
cases constant torque at all speeds is wanted, or the 
highest torque is required at the lowest speed. The 
second half of the lecture dealing with the cascade syn¬ 
chronous motor is particularly interesting to a supply 
engineer; it seems that we have at last got a motor 
wliich not only does not draw any magnetizing current 
from the line but actually returns some. 

[Mr. Greedy’s reply to this discussion will be found 
on page 333.] 


South Midland Centre, at Birmingham, 10 Januarjt, 1923. 


Mr. R. A. Ghattock : The introduction of a reliable 
and simple alternating-current motor having variable- 
speed characteristics would go far to eliminate the 
necessity for using direct current for many purposes. 
The author's description of the multi-speed cascade 
motor appears to cover all the requirements under 
ordinary working conditions, and the only questions 
to decide are whether this type of machine has been 
run in commercial service sufficiently long to show that 
it is reliable, and whether the large number of terminals 
and connections involved proves to be a source of 
weakness. I should be glad if the author would give 
some information on this point. The description of the 
variable-speed induction motor makes it clear that in 
order to change the speed it is necessary to break the 
main circuit. I consider that this would prove a dis¬ 
advantage under many conditions of service. I should 
also like to know how this interruption of the circuit*" 
affects the variable-speed synchronous induction motor, 
]^ecause it seems to me that when the circuit of a S 5 m- 
chronous motor is interrupted, it will at once fall out 
of step and will have to be re-synchronized. Such an 
operation would in most cases prove to be quite un¬ 
workable in practice. From Fig. 21 it appears that 
the power factor of the variable-speed induction motor 
is poor, compared with that of the ordinary induction 
motor, and this is especially so at low speeds. This, 
of course, adversely^affects the S 3 ^tem of the under¬ 
taking supplying the power. I should Hke to know 
whether the phase converter to which the author 
referred as being necessary in connection with the 


variable-speed induction motor, still further reduces 
tlie power factor below tlic values given in Fig. 21. 
Has the author tried using condensers or power-factor, 
correctors in connection with these motors, and if so, 
with what result ? ^ 

Dr. M. L. Kahn : The lecture shows what able and 
ingenious engineers can do if they set out to satisfy a 
long-standing demand for special features of machinery, 
wliich has hithei'to not been met. The author himself 
appears to recognize the limitation of his invention and 
states the various cases where a commutator motor is 
pretoable to his propositions. The inherent limitation 
of his motors is the fact that only a limited number of 
speeds with rather big steps can be supplied. The 
limits of 19 r.p.m. and 21 r.p.m. compared with 20 r.p.m. 
mentioned in the lecture in connection with tliis point 
are ratiier optimistic. As Fig. 21 shows, the step may 
be 20 to 30 per cent for the most favourable and, inciden¬ 
tally, very costly arrangement, to from 30 to 60 per 
cent in ordinary cases. Even this is, however, a great 
advance on the old pole-changing methods where, with 
one winding only, a speed-ratio of 1 to 2, or 100 per 
cent stepping, could be obtained. In explaining liis 
winding the autlior starts from tlie ring winding with 
a number of tappings for various numbers of poles, and 
mentions tliat similar results could be obtained with 
a lap-wound drum winding. He does not mention how 
his winding is arranged. Are we tcTtake it that he also 
uses lap-wound drum windings in his macloines ? If so, 
how is the difficT;^lty of tlie pole-span of the coils over¬ 
come ? Normally, coils are wound with a coil-span of 
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about one pole-pitch. They may be lengthened or 
shortened up to 33 per cent without the output of the 
macliine being materially affected. This means that 
a winding with a span corresponding to a pole-pitch of 
8 poles can be used for 6 poles or 10 poles. For 6 poles 
the pitch, is 0*75 times full pitch and for 10 poles 1-25 
times. If, however, the .same winding is to be used 
for a speed-range of 428/1 000, i.e. for 0 poles and 14 
poles, as mentioned on page 316, it would, if wound for 
a mean pitch, have a span differing by 40 per cent 
from the normal value of the two limits of the speed- 
range. This will tend to reduce the output obtainable 
from a given size of machine for the extreme limits 
of the speed-range. The proposed mcthcd of pole¬ 
changing involves a motor wdth a liirge number of 
connections, leads and terminals, a phase transformer 
with similar leads and termijiaJs, complicated switch- 
gear and a starting resistance or auto-transformer. 
These complications can be justified only in cases where 
speed variation is absolutely necessary. The claim of 
increased starting torque for squin-cl-cage motors of 
this pattern can oiily relate to such cases. The motor 
cannot supersede the standard slip-ring motor on the 
plea that it dispenses with slip-rings, while giving at 
the same time a large starting torque. The complica¬ 
tions introduced by the gear and the increased possibility 
of breakdowns, apart horn the question of first cost, 
far outweigh the advantage of doing away with slip- 
rings. •• 

Mr. G. M. Harvey : I have recently seen some test 
sheets concerning 10-h.p. ^jingle-speed Hunt cascade 
motors running at 500 r.p.m., and I note that the 
power factor obtained upon full load is only 0»74. 
We have at the University a two-speed cascade motor 
giving 10 h.p! at 750 r.p.m. (8 poles) and 0*6 h.p, at 
600 r.p.m. ^12 poles); the power factors obtained upon 
test with tliis motor at full load arc 0*86 at the top 
speed and 0*68 at the lower speed. These figures do 
not at all agree'^with those claimed by the makers in 
some of the earlier papers describing this motor, and I 
recollect a desmption of a 300-b.li.p, m<jtor running 
at 360 r.p.m, iwith a power factor of 0*02, and giving 
200 b.h.p, at 250 r.p.m. with a power factor of 0*9. 

I should be glad if the author would cxidain the dis¬ 
crepancy between these figures. I have also noticed 
in the motor at the University a tendency to stick in the 
top speed when an attempt is made to reduce to the 
lower speed by (opening the rotor circuit and closing 
fhe tapping controller. Can the author explain this ? ! 
I am greatly in favour of the cascade motor for mining, 
and r should be glad if the author would indicate where 
a simple explanation of the windings of the Hunt 
cascade motor is to be found. The advantages of the 
cascade motor for mining work are as follows: The 
even torque obtained at crawling speeds is of great 
advantage for haulage work, as it prevents " snatching ** 
at the rope. Tlie starting characteristics of a slip-ring 
motor are obtained without the danger and incon- 
yenience of the use^of slip-rings, and a low-speed motor 
is obtained which compares very favourably in bulk 
with a plain induction motor running at the same 
speed. In this connection it seem^ to me that the 
advantage claimed by the author for recent improve¬ 


ments which enable the cascade motor to be run at 
1 000 r.p.m. are illusory, .since the chief advantage is 
the exceedingly low speed wdiicli can be obtained with 
a reasonable efficiency. 

Mr. F. W. Close : I appreciate the ingenious way in 
which the author has made possible the simplification 
of the control gear by reducing the number of con¬ 
nections which have to be interchanged for the respective 
speeds. It may be thought that the time required to 
make the necessary cliangc.s in interconnections between 
the supply, motor and transformer of a six-speecL set 
would be somewhat lengthy, and so allow the motor 
appi-eciably to fall in speed during the change period ; 
but, taking the controller illiustratcd in Fig. 15, the 
total time for a change-over on that controller from 
one speed combination to the next is practically deter¬ 
mined by the natural speed at which the contactors 
will open and rcclose, and it is found that J;he change 
can be made in something like | second, which is about 
one-quarter the time mentioned by the author. Thij? 
period of time is an important consideration as, cViring 
a part of the time taken to change over, the supply is 
cut off from the motor, and the latter will tlierefore 
commence to fall in speed. With regard to the control 
of a machine tool driven by a three-speed motor, and 
the quite reasonable fear expressed that the operator 
may move the handle in any tiling but an ideal manner, 
I have seen in operation the three-speed motor and the 
controller which the author exhibited. The motor was 
connected by belt to another macliine, and the con¬ 
troller handle was rotated rapidly from tlie "off ^' to 
the '' full speed position, and then back again many 
times in rapid succession, without pausing ?n the inter 
mediate steps. No trouble arose, the only thing to be 
noted being the squealing of the belt due to the rapid 
acceleration produced by the torque exerted. 

Mr. W. J. Line : In the lecture the author^s multi¬ 
speed system is shown applied to polyphase motors. 
Judging by Ms silence on the point, he has not enter¬ 
tained the po.ssibility of applying it to single-phase 
induction motors, or, at any rate, motors running off 
single-phase supplies, and proposes to abandon this case 
to the single-phase commutator type. As the elimination 
of the commutator is admittedly an advantage, giving 




Fig. B. Fig, C. 

a simpler and more I'obust machine, I have a sugges¬ 
tion to make which might enable the advantages of 
the author’s system to be obtained on single-phase 
supplies also, and. tlie same principle developed on 
polyphase supplies might enable the transformer, which 
the author finds necessary,* to be replaced by other 
apparatus which might be cheaper. Consider first the 
syigle-phase induction motor running on single-phase 
mains. The mains and the stator winding may be 
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represented as in Fig. B. For starting, another winding 
is provided which, either due to its own additional 
reactance or to a separate choking coil, carries 
current out of phase with that in the other winding, 
producing a rotating field instead of an oscillating one 
(see Fig. C). The same result might be obtained by 
a condenser in one of the windings, and we might 
advantageously combine the two, thus causing the 
current to lead, in one winding and lag in the other 


'^Fig. D. Fig. E. 

(see Fig. D). If this xyere made a permanent running 
arrangement, a two-phase motor could be run ofi a 
single-phase supply. On similar principles a three-phase 
motor could be run ofi a single-phase supply as shown 
in Fig. E, and this arrangement has been used, under 
certain circumstances, on the Continent. We can 
add a second three-phase star winding on the same 
motor, and thus obtain a six^hase machine running 
off a single-phase supply (see Fig. F). The same may 


Fig. F. 

be represented in mesh connection, as shown in Fig. G. 
By connecting those phases which are at 180® with 
one another, in series and mutually reversed, the 
number of terminals may be halved, while the machine 
remains six-phase, and a second speed, double or balf 
the other, might be obtained by the author's methods. 
Let us now consider motors on three-phase supplies. 
A six-phase star-connected motor may be run off a 
three-phase supply (see Fig. H) or in mesh form (see 


Fig. J), and a nine-phase mesh-connected motor may 
be run off a three-phase supply in a similar manner, 
as shown in Fig. K. An arrangement has now been 
arrived at in which the arrangement of stator winding 
with 9 terminals, shown in Fig. 7 of the paper, might 
be utilized. In place of the special transformers 
required to supply such a winding, three condensers 
and three choldng coils would be required, but the 
author's switching arrangements would remain un¬ 




altered. The question then arises as to whether the 
condensers and choking coils would be cheaper than 
the transformer and equally good. Has the author 
made any experiments in this direction ? It is true, as 


Fig. J. Fig. K. 

stated in his verbal reply to the discussion, tliat the 
leading and lagging effect would notbe constant at 
all loads. Means might, however, be found to over¬ 
come tliis difficulty if the ai'rangement proved worth 
while on the score of cost. This point seems worthy 
of investigation. 

[Mr. Creedy's reply to this discussion will be found 
on page 333.] 








North-Eastern Centre, at Newcastle, 22 January, 1923. 


Downie: The author has given a most 
interesting account of a new development in induction 
motors, which will have many applications in practice. 
Can he give some information about the variation in 
^e breadth factor with the different numbers of poles ? 
In the existing two-speed windings of Lindstrfim, for 
example, the breadth factor is 0*95 for the larger number 
of poles and 0»7 for the smaller number, showing that 
the winding is not equally efficient in both cases. 1 
should like to know a similar result is found in the 
c^e of the windings described in the lecture. Usually 
^ese for different numbers of poles show 

harmonics in the field distribution curve, the seventh 


especially reaching liigh values which produce a tendency 
for the motor to crawl at one-sev6nth synchronous 
speed when a squirrel-cage motor is started. Has the 
author found similar effects in motors with the winding 
described ? Are there any limitations to the possible 
numbers of poles for wliich a motor can be wound ? 
In other words, would it be possible to wind a motor 
for 20, 22, 24, 26, 28 and 30 poles, thus giving 6 speeds 
covering a range from 300 r.p.m. to 200 r.p.m. with a 
60-period supply ?. Fig. 18 leads me to expect that 
the ratio of maximum torque to normal torque varies 
with the numbef of poles. Is it possible to design 
a motor to have a good power factor and efficiency at 
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aU speeds and at the same time a ratio of maximum 
torque to normal torque of at least 2 at all speeds ? 
The author mentions that in Fig. 18 the torque re¬ 
presented by 1 mm is proportional to the number of 
poles, and from this I gatlier that the maximum flux 
density iij the gap is constant at all speeds. I should 
like tlie author to confirm tliis. I think that the 
pol 3 q)hase commutator motor has a greater field of 
usefulness than the author would leave to it, and that 
for small outputs it would in many cases be cheaper 
and better to use a commutator motor than a variable- 
speed induction motor. 

Mr. J. W. Jackson : From my early experience with 
this particular type of motor plant I found that I 
was developing bias against it because Df its apparent 
unreliability. This, however, I afterwards found to 
be not so much a charge to be levelled against the 
teclinical arrangements of the equipment, or even the 
manner in which it had been manufactured, but rather 
the commercial arrangements of the manufacturer 
were at fault in dealing with the breakdowns when 
they did occur. Breakdowns are bad enough, but 
when added to these there is a serious difficulty in 
effecting repairs, no one can wonder at a plant gaining 
a bad reputation. I should like the author to explain 
why the motor takes a greater amount of current when 
running at its lowest speed and no load, than it does 
when it is running at its highest speed and jio load. 
Is tliis low-speed arrangement secured at the expense 
of power factor ? During the past two years I have 
had personal experience witji motors having four-speed 
and six-speed arrangements, one of the.se being of 
the earliest pattern and fitted with the popularly 
described piano type of controller. All these have 
been remarkably free from trouble. It would appear 
from the lecture that the cascade type of motor would 
very quicldy repay the increased capital cost over 
a fixed-speed motor when applied to air coinj^ressors, 
from which veiy frequently a small amount of work 
is required. When the fixed-speed motor is fitted, a 
large percentage of the full power is used on the com¬ 
pressor even when it is delivering a small amount 
of power, thus giving an extremely low officiencj^ or, 
in other words, increasing very considerably the power 
costs for air-compressing. There is apparently a strong 
feeling that the cascade motor is not as reliable in <jpera- 
hon as a fixed-speed motor, and when added to that 
idea of unreliability is that of the considerably increased 
capital cost, it is not surprising that the fixed-speed 
motor is installed. 


Mr. A. T. Robertson: There is a great deal that 
requires explanation before the subject can be clearly 
understood, particularly in regard to the details of 
the windings employed; for instance, no indication is 
given by the author as to how lie obtains the equivalent 
of tlie ring winding with a winding of the usual drum 
type. Is it coiTect to assume that the drum winding 
used lias such a pitch as to give the smallest number 
of poles required in any particular case ? Where only 
two-phase supply is available does the author propose 
to convert this by means of the phase transformers 
to the same number of phases as would be used if 
three-phase supply were available, and so use similar 
macliines for both two-phase and tliree-phase supply ? 
There will not be the same possibility of convenient 
speed-ranges on 40 and 25 periods as given in the lecture 
for 50 periods, and it would appear that commutator 
motors might be necessmy, particularly on 26 periods, 
whereas a pole-changing motor could be used on 60 
periods. On page 315 it is stated that tlie size of the 
phase transformer may be reduced from 30-4D per 
cent of the size of a voltage transformer for tlie same 
power, to 18-20 per cent when using the factor 0*76 ; 
these figures appear, however, to require some modi¬ 
fication. The analogy of the automobile geai* is most 
unfortunate, as the whole point is that a constant- 
torque, not constant-power, electric motor is being 
considered, wheretis the automobile engine is a constant- 
power unit, the gear being used to obtain liigher torques 
at low speeds. Direct drive on top gejir is used, so 
that the most efficient drive is obtained for normal 
running. 

Mr. G. Turnbull: We are the more^indebted to 
the author in that tlie information given in the lecture 
might prevent him from taking out a valuable patent 
later. Tlie day may come when Parliament will realize 
that the penalizing of inventors by annulling a patent 
on the plea that the idea was more or less vaguely 
foreshadowed in a sdeutific paper, is not beneficial to 
the nation. The difficulty with variable-.specd motors 
is that the variations required do not always fi.t in 
with those obtainable by the author's methods. Are 
the motom in question suitable for printing-machines, 
lifts and organ blowers ? 

Professor W. M. Thornton: Is there any upper 
or lower limit to the sizes of the motors ? For example, 
could one use them efficiently up to 10 000 h.p. for 
rolling mills, and as low as 1 h.p. for orga.n-blowing ? 
Is there a size in which the efficiency of construction and 
operation is a maximum, due regard being paid to C(jst ? 


The Author’s Reply to the Discussion at London, Leeds, Birmingham and Newcastle. 


Mr. P. Greedy (m reply) : I have to tliank Mr. 
Hunt for his very clear exposition of the principles 
of the multi-speed wmding described in Part I of the 
lecture, and its relation to both the old and tlie new 
c^cade windings.^ I am quite in accordance with his 
views. The data which he gives ,of the relative d.c. 
and a.c. ampere-tums on the synchronous cascade 
motor, and also those relating to laJge ship-propulsion 
motors, are very interesting. 1 myself have found it 


I necessary to use three groups of coils per pole instead 
of three groups per pole pair in designing such a multi- 
s'J)eed motor as he refers to, and have found a similar 
improvement in its properties. 

I have also to thank Dr. Smith for his alternative 
statement of tlie principles involyed. All such alterna¬ 
tives are of value, as one view point may appeal more 
than another to any given individual. 

Mr, Jack, in his remarks, has scarcely been fair to 
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^temative types of apparatus. It is quite true that 
for the past 16 or 20 years it has been possible on known 
principles to build 2-, 3- or 4-speed change-pole motors, 
but Mr. Jack does not point out that a 2-speed motor, 
if with a smgle winding, could only have speeds in the 
ratio of 2^1, that is, 100 per cent stepping. To obtain 
anytliing better than this, two distinct windings must 
be employed. The disadvantages of such windings 
are very great in many cases, as they involve a much 
larger frame size, very much impaired ventilation, 
and much greater magnetic leakage. If I were- to 
permit myself the use of two windings in this mamier, 
I could obtain a 12-speed motor with a speed stepping 
of 10“15 per cent. Without using the two windings 
and employing a type of design which permits us to 
obtain, from a given frame size, about 85 per cent of 
the output given by a single-speed motor, a step of 
20 per cent in the most favourable case and 30 per cent 
in ordinary cases can be obtained, as pointed out by 
t)r. Kahn in the discussion at Birmingham. 

It 4oes not appear to be sufficiently realized that in 
these multi-speed motors any combination of numbers 
of poles can be obtained whenever it is worth while to 
do so, and, while dealing with tliis point, I may reply 
to Mr. Downie's remarks on the same subject in the 
Newcastle discussion. It would be quite possible to 
obtain such a combination as 20-22-24-26--28~30 poles 
in large machines. It would involve a 3-24 phase 
transformer and controller similar to that shown in 
Fig. 15, but having 12 instead of 9 switches on eacli 
vertical shaft. 

Anotlier difficulty of the old multi-speed motor was 
the practicSl impossibility of building it with slip¬ 
ring control. This difficulty also has been remedied 
by the new winding, thus adding very much to the 
field of application of the machine. 

Mr. Jack does not, I think, improve his case by 
complaining that there are no speeds available from 
1 600 r.p.m. to 760 r.p.m. on 26 periods. Small 25- 
period motors certainly offer a better case for the com¬ 
mutator machine than on any other frequency, although, 
even here, machines of the multi-speed type running at 
speeds of 750/600/375 have been used with success 
down to fairly small sizes. Probably more motors 
have been built for 40 periods than for any other 
frequency, and there can be no question that the 
machine forms a very useful piece of apparatus at this 
frequency. 

f power factor of the machine is discussed in 
connection with remarks made by other speakers. 

I do not, of course, claim that the multi-speed machine 
iS:the only type of variable-speed apparatus that should 
ever be used, and this is, I believe, made sufficiently 
cle^ in the lecture. On the contrary, it is this very 
attitude that I protest against, namely, tliat of making 
a hobby of a particular type of apparatus and trying 
to apply it whether or not it is the most suitable fdt 
the purpose. If in any given case the commutator 
machine is really the best, I hope I shall be the first 
to recommend it. Ork the 'One hand, for instance, we 
havetlie continuously variable speed, which is certainly a 
very strong point, while on the other we have to content 
ourselves with speed-steps of the order mentioned above. 


By means of these speed-steps we can in any given 
case get within 10 per cent or, at the most 16 per cent 
of the speeds desired. For instance, supposing we 
wish to obtain a speed of 876 r.p.m., the nearest we 
can obtain is either 1 000 or 750 r.p.m., each of which 
differs from tlie speed required by 12^ per c.ent. ’V^'e 
have first to settle, therefore, whether a speed variatk)n 
of 12| per cent from the ideal value causes any serious 
detriment. Next, we have the lower efficiency of the 
commutator machine, amounting to approximately 
10 per cent, as may be seen by reference to Mr. Teago^s 
paper, which shows that the efficiency of a 10 h.p. 
motor does not exceed 80 per cent, as against well over 
90 per cent in the case of an induction motor. The 
effect of this oir running costs cannot be ignored. For 
instance, in a 26 h.p. motor running 8 hours a day and 
days a week, a machine with 90 per cent efficiency 
takes 1 000 units less a quarter than the machine witli 
only 80 per cent efficiency. On the other hand, it is 
only fair to say that the commutator motor on some 
of its speeds, though not all, gives a better power factor 
than the induction motor. This may somewhat offset 
the lower efficiency in cases where a system of charging 
is adopted which takes account of the power factor. 

Having settled these two points, we have next to 
consider whether the motor can be built to give the 
speed-range desired. Owing to the requirements of 
commutation, the flux per pole of a variable-speed 
commutator motor is strictly limited, and consequently 
motors of considerable size must have a large num¬ 
ber of poles, i.e. they must be built for a low speed. 
The multi-speed type of motor is not subject to any 
such limitation and can, on the contrary, be built 
for nearly any speed-range desired on normal fre¬ 
quencies, although, as stated above, the case for the 
commutator machine is certainly impro'v^d on 26 
periods. 

I quite agree with Mr. Jack that the modern a.c. 
commutator motor can be built' so as'to be free from 
commutator and brush troubles. Anotlier point whidi 
really cannot be lost sight of is that of first cost, to 
which he makes no allusion at all. In large horse¬ 
powers, owing to the necessarily very low speed of the 
motor and its extremely large commutator, this cost 
must be very high, and it is just here that the multi¬ 
speed motor shows to such advantage, since it can be 
built for almost any speed. The greater the size, the 
smaller in comparison is the cost of the switchgear. 
In small sizes the commutator motor is more favourable, 
while the switchgear of the multi-speed type tends 
to become expensive relative to the machine itself. 
Hence, we are practically restricted to the simpler 
three- or four-speed types below, say, 10 h.p. 

Fig. 14 shows the relative costs of the multi-speed 
motor and it would be interesting if, on some other 
occasion, a similar curve relating to the commutator 
motor could be published. In some cases I am aware 
that the advantages of the continuous speed-range 
are so great that all the above questions must be 
answered in favour rof the commutator machine. 

With regard to the use of multi-speed motors for 
rolling mills, I ha'v'’e devoted a good deal of attention 
* Journal 1022, vol. 60, p. 328. 
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to tMs subject also, and a type of motor is now being 
considered in which an absolutely gradual speed varia¬ 
tion can be obtained entirely without the use of commu¬ 
tating machinery. I hope to be able to publish further 
particulars of this on a future occasion. 

Confining ourselves to familiar apparatus, ^ however, 
it, is well known that the size of a cascade commutator 
set of the Scherbins or Kramer type such as those 
advocated by Mr. Jack is proportional to the difference 
between the speed of the main induction motor and 
its synchronous speed. If, therefore, we can use a multi¬ 
speed motor such as that shown in Fig. 7, which is 
capable of giving, say, three, speeds with slip-ring 
control on each, we can reduce the size of the auxiliary 
set to a mere fraction of that required ij the main motor 
is of the single-speed type. Hence, even where con¬ 
tinuous speed variation is required, the multi-speed 
motor enables us to effect great economies. In point 
of fact, in merchant mills, where speed-change is required 
principally when changing the section to be rolled, 
continuous speed variation is in no way necessary, and 
the multi-speed motor as described in the lecture is by 
far the most economical apparatus that can be installed, 
both as regards first cost and cost of operation. 

In view of the examples of rolling-mill motors now 
actually in operation and referred to in the lecture, I 
cannot understand how Mr. J ack can assert that these 
machines are not suitable for rolling-mill work. 

In replying ;to Mr. Chattock’s remarks in regard to 
power factor, I propose to deal with those of other 
speakers on the same subject. The full-load power 
factor of the machine varies, being on top speed quite 
as high as, or in some cases higher than, in the best 
induction motors, owing to the multi-speed motor 
having a fa> greater number of phases per pole than 
the ordinar}?’ three-phase motor, which leads to a wave¬ 
form approaching a sine type much more closely than 
ill the latter. This is dealt with more fully below. 
The power factor falls off as the speed decreases, due 
to the reduced horse-pO’wer output of the motor. The 
amount of wattless current absorbed by the machine 
is, however, practically constant and it is this, and not 
the power factor directly, which is of interest. 

A multi-speed motor giving 100 h.p. on its top speed 
and therefore rated as a 100 h.p. motor will take prac¬ 
tically the same amount of wattless current as a 100 h.p. 
motor arranged for one speed only. When it is only 
giving 50 h.p., due to the reduction of speed to one-half, 
it still continues to absorb the same wattless current, 
and consequently gives the same power factor as a 
100 h.p. single-speed motor when running on half load. 

Dealing with the question of phase compensation, 
it has not yet been found possible to apply phase com¬ 
pensation on this type of motor on more than one of 
its speeds. As mentioned in the lecture, it can be made 
to operate as a synchronous motor on two speeds, but 
arrangements having a suitable degree of simplicity 
have not been developed on these lines for more than two, 
or possibly three, speeds. 

It may here be stated that thgsse multi-speed syn¬ 
chronous motors are self-synchronizing on each speed. 
Some machines have been built whi«h will synchronize 
themselves when switched in at a speed of 10 per cent 


below synchronism, although this is, of course, not 
recommended, but no difficulty whatever is experienced 
if the machine is allowed to run up as an induction 
machine and the exciter circuit then closed. 

Due to the fact that the amount of wattless current 
taken on all speeds is practically the same; however, 
the static condenser presents an ideal method of raising 
the power factor of such a set to unity, and, wherever 
this requirement is met, it is usual to connect the static 
condenser in parallel with the set, when it will raise the 
power factor to unity on every speed, and not on one 
only, and keep it above 0-95 on practically every 
load. 

In reply to Dr. Kahn, Mr. Downie and Mr. Robertson, 
I have apparently not succeeded in explaining sufficiently 
clearly how it is that a lap-wound drum winding can 
be used instead of a ring wdnding. Fig. L shows three 
sketches of a drum-wound coil lying (a) in a field of 
six poles, {b) in a field of 10 poles and hn a field of 



16 poles, the pitch of the coil being approximately 
one-tenth of the circumference. The sine curve shown 
in the figure may be taken to represent the values of 
the air-gap density at a particular instant and, if so, 
the ordinate AB to the curve will represent on a suitable 
scale the voltage induced in the left-hand conductor. 
Similarly, the ordinate CD represents that induced 
in the right-hand conductor. The curves have in 
every case been so drawn that the left-hand conductor 
lies at the point of maximum density. The total 
E.M.F. induced in the coil will in each case be (AB -{- CD). 
It will be seen that in curve {b) (Fig. L), representing 
the 10-pole condition, the E.M.F. induced in the coil 
fs a. maximum, since CD as well as AB is a maximum. 
In the curve corresponding to six poles, the pitch of 
the coil is considerably less than the pole-pitch and, 
therefore, CD is a good deal less th^n AB, but nevertheless 
the sum of the two is only reduced to about 70 per cent 
of its previous value. Similarly, in curve (c), represent¬ 
ing 16 poles, the pitch of the coil is a good deal more 
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than the pole-pitch and therefore CD is again reduced, 
hut again the sum of AB and CD is only about 70 per 
cent of its full value. It is, in fact, in order to prevent 
too great a difference between the pitch of the coil 
and the pole-pitch, that it is usual to limit the speed- 
range of these motors to a value not exceeding 3-1. 

I should like here to clear up a slight misunderstand¬ 
ing into which several speakers appear to have fallen. 
It is only the cascade machine that I consider to be 
suitable for use as a single-speed machine, and I agree 
perfectly with Dr. Kahn that the control gear required 
with the multi-speed machine is too elaborate to allow 
it to be used as a one-speed machine. 

In reply to Mr. Harvey, I am not sufficiently con¬ 
versant with the history of the cascade motor to enable 
me to answer his remarks as regards the machines 
of which he has had experience, as it is only comparatively 
recently that I have become connected with this type of 
machine. 

" It is a normal characteristic of the cascade motor 
as hi^erto built, that if brought up to its top speed 
by any means, as, for instance, by the short-circuiting 
of the slip-rings, it .will continue to run at that speed, 
notwithstanding the fact that the slip-rings are again 
open-circuited. This is also true of the cascade set, for 
instance the set shown in Fig. 23. If the first machine 
is brought up to its synchronous ‘ speed, 1 000 r.p.m., 
the rotor frequency is reduced to zero or, at most, 
i period per second. At such a frequency as tliis 
practically no voltage will be induced in the secondary 
of the second machine, which accordingly carries little 
or no current. The primary at a frequency of J period 
has extremefy little inductance and acts almost purely 
as a resistance in series with the slip-rings of the main 
motor. This is, I think, the explanation of the charac¬ 
teristic noticed by Mr. Harvey, which is common to 
all cascade apparatus whether internally or externally 
cascaded. 

^ I regret to say there is really no elementary exposi¬ 
tion of the principles of the internal cascade motor, and 
I can only refer once again to my previous paper.* 
Mr. Harvey states that* for. mining work the low-speed 
cascade motor meets all requirements, but the properties 
of the cascade motor are available far beyond the mining 
field and it is in this extended field that high-speed 
motors show to their greatest advantage. 

It is largely due to Mr. Closers design of controller, 
namely, that shown in Fig. 15, that this type of machine, 
at any rate in the larger sizes, has assumed a practical 
form. Offier types of controUer have been used, 
notably one which became popularly known as the 
piano type and which is referred to by another 
speaker, but it was not until the controller shown in 
Fig. 15 was designed that I felt that all the problems had 
be^ really solved. Mr. Close’s confirmation of my 
statements in regard to the time required to change 
speed with the t 5 q)e of controller shown in Fig. 15 
^ very welcome’. This should be sufficient to answer 

Chattock’s inquiry as regards any possible difficulty 
< case. In ^one of the considerable number 

of these machines which have been placed in service, 
many of them starting and changing speed under 
♦ Journal JX.E,, 1921, vol. 69, p. 511. 


full load, has any difficulty of this nature been 
experienced. 

In reply to Mr. Line, I have not considered it desirable 
to use these multi-speed motors on single-phase cir¬ 
cuits. I hold rather strong views on this subject, 
although the present is not the place to enlarge on them, 
and I believe that the single-phase induction motor,is 
at the present moment entirely obsolete and that within 
a very few years it will cease to be marketed, its place 
being completely taken by the commutator motor. 
Without discussing Mr. Linens various arrangements 
in detail, it seems to me that they would be vastly 
more expensive than the simple t^e of transformer 
which I employ. 

Mr. Ingleby draws attention to a number of points 
in which the lecture is not perfectly clear. Dealing 
with these points in order, the point 1/2 in Fig. 17 marks 



Fig. M.-—Torque maintained constant while speed was varied 
by brush adjustment, by pole changing, oi by altering 
rotor resistance. 


a point at which the number of poles ?s changed from 
16 to 14. The sequence of operations is as follows:— 

Simultaneously with the change in the number of 
poles, the voltage is reduced by means of^n auto-trans¬ 
former tap on the controller, in order to reduce tlie 
current kick. This explains the reduction in the no- 
load current after the change in. the number of poles. 
The second step in the controller, namely, that marked 
2/3, restores the voltage to its normal Value, and it will 
be seen that the no-load current shows a considerable 
rise. Similarly, the point marked 3/4 corresponds 
to the change from 14 to 12, 6/6 from 12 to 10 and 7/8 
from 10 to 8. The leakage coefficients differ in the 
curve shown in Fig. 22, because these three curves 
relate to different machines. 

The cost curve gives the ratio of costs between the 
slip-ring motor complete with its starting panel, circuit 
; breaker, etc., and the multi-speed motor complete 
with its switchgear, circuit breaker and transformer 
(where necessary). 

As requested by Mr. Woodhouse,^ I have included 
in Fig. M a curve showing the rel&ve efficiencies of 
the multi-speed motor and the motor regulated by 
resistance control./^ Another curve shows the relative 
efficiencies of this motor compared with the Schrage 
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commutator type of motor, the efficiencies of the 
latter being taken from Mr. Teago*s paper already 
referred to. 

In reply to Mr. Downie in regard to harmonics, the 
number of sections per pole is greater than on a two- 
phase motor, even at the lowest speed. On the higher 
speeds, however, the number of sections per pole is 
far greater than in even the best types of three-phase 
motor, the consequence being that the wave-form 
on the higher speeds approaches the pure sine curve 
more closely than in any standard three-phase motor, 
the deviations from it amounting to less than 2 per 
cent, as shown by the diagram drawn after the manner 
explained by Hellmund,* This has a marked elTect 
in improving the power factor and ii? is found that 
exceptionally high power factors are obtained on the 
higher speeds of these machines. 

I have never noticed any tendency for the machine 
to crawl at one-seventh full-load speed. This is 
an extremely annoying tendency in tlie single-speed 
squirrel-cage motor, and while it might conceivably 
occur in a multi-speed motor connected for, say, its 
lowest speed, we have a ready means of eliminating 
it by merely switching the motor on to another speed, 
so that such a cause of trouble, should it occur, is by 
no means so serious with the multi-speed type. 

It is quite true that the ratio of maximum torque 
to normal torque varies with the number of poles. 
I endeavour to^ allow a ratio of maximum to full-load 
torque of not less than 1*8 on the minimum speed, 
rising to about 3*5 on the-top speed. Again, as men¬ 
tioned above, where a motor is subjected to an excep¬ 
tionally heavy load on one of its low speeds so tlmt 
the slip is grqat and the danger of pulling-out consider¬ 
able, it is quite easy to switch it on to the next higher 
speed; hence again we have resources which do not 
exist in the single-speed motor. 

It is quite true also that the maximum flux density 
in the gap is approximately constant at all speeds, 
Mr. Jackson*s remarks are very interesting, as coming 
from one who has large actual experience with this 
type of motor? As a matter of fact, the first machine 
of tiiis type ever built, referred to on page 312, 
which had none of the later improvements, and there¬ 
fore required a transformer having no less than 30 
phases has, I believe, been under Mr. Jackson's care. 
This machine is fitted with the very elaborate '' piano " 
type controller that he refers to, and when first installed 
it required a good deal of adjustment. Even these 

♦ 'FransacHona of tfie American Institute of Electrical Engineers^ 
1908, vol. 27, pt. 2, p. 1373. 


earlier elaborate motors have, however, now run for 
several years without, I believe, requiring any attention, 
and from the later ones containing the simplifications 
described in the paper which permit of the use of a 
drum-t 5 q>e controller, practically all the possible causes 
of wealoiess in the earliest type have been removed. 
These motors are used to operate medianical stoker 
gear and are of the squirrel-cage type, being tlie smallest 
machines built to give the full six speeds. In order to 
obtain these results with a minimum of switchgear 
the motor is of the constant horse-power type, in which 
the flux is reduced as the speed is raised, more or less 
as in the d.c, machine. This involves a corresponding 
reduction of the magnetizing current, and this is the 
explanation of the high magnetizing current noticed 
by Mr. Jackson. 

In the modern type the magnetizing current is prac¬ 
tically constant at all speeds. I quite agrep with Mr. 
Jackson that there is a great field for this type of 
machine in connection with air compressors, and auto¬ 
matic control gear is now being developed to enable 
them to be applied in this direction. Mr, Jaclcson's 
views as to the unreliability of tlie cascade motor seem 
to me to be quite unique, as my experience is that one 
of its strongest points is its extreme reliability owing 
to the very great simplicity of its construction. 

In reply to Mr. Robertson, two-phase motors have 
not been worked out in quite the same fullness of detail 
as three-phase motors, but on two-phase' supplies it 
is proposed to use as far as possible a special two- 
phase transformer and a winding with a difierent num¬ 
ber of sections. 

As regards the automobile gear, the pomt is not of 
great importance, as the analogy is only a very general 
one. I wished to point out that arrangements are 
made in tlie automobile to avoid using gears under the 
most severe conditions of working, and that I do the 
same. It is immaterial that the severest working 
conditions may appear under different circumstances 
in the two cases. 

In reply to Mr. Turnbull, these motors can be readily 
applied both to printing-machines and lifts. As regards 
organ-blowers requiring only a I li.p. motor or so, I 
prefer the small commutator type of motor. An organ¬ 
blowing equipment can be regarded as an air-compressor 
plant in miniature, and we find this type of machine 
admirably adapted for slightly larger plant requiring 
from 3 h.p. to 6 h.p. 

These machines have been designed up to 20 000 h.p. 
for ship propulsion, while the low limit of rating is 
about 2 h.p. to 3 h.p. 
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Summary, 

During the past two years a great deal has been written 
about production problems. Some of these contributions 
to the subject have been penned by idealists, who claim, for 
instance, that such and such a shop lay-out is tlie first: essen¬ 
tial to successful production. Others emphasize that lack of 
production is caused by ** ca' canny'' amongst the workers. 
The bearing'of these factors on production, or the lack of it, 
pan be dealt with by efficient organization and management, 
and it is with the establishment of such a works organization 
that Oiis paper will deal. 

Witli a view to interesting all sections of the industry, the 
author has dealt with the subject on general lines, with par¬ 
ticular reference in places to the manufacture of electrical 
machinery, the object being rather to outline a genexTd pf)licy 
that has been followed in worlcs with which he has betni 
associated, than to go into detail which may not be applicable 
to any other works, as, naturally, detail must be l.)a.sed on 
the equipment in a particular worlss and the de.sign of the 
apparatus manufactured. 


Introduction. 

Those who are continually in close touch with the 
workers cannot but feel the great responsibility which 
falls on them in being obliged to discharge men due to 
shortage of work; and cases occur which bring homo 
to one the necessity of doing everything possible that 
may influence an unprovement in trade. One appre¬ 
ciates that it is not possible to remedy all the defects 
at once, but if each individual assists in his own particular 
sphere results will soon be obtained. 

^ The present depression is due mainly to the followincr 
four causes:— 


(1) Taxes, etc., direct and indirect (necessary to pay 

for tte cost of the wastage of war), which caused 
higher prices of commodities, 

(2) The effect of (1) on the morale of the workcra, 

resulting in the forcing up of wages to meet 
increased prices. 

(3) This in turn has caused a further rise in the 

pnees of commodities with a view to meeting 
/,i\ increased costs of production. 

(4) The accumulative effect of (1), (2) and (3) pro- 
, ducing rash speculation, in its very widest 

sense, and upsetting the whole basis of laboiur’s 
wages, trading and economic standards. ' 


^e rentedies are now being appUed and everybe 
mu^ suffer, more or less; iq, consequence. These co 
m the reverse order <b the causes, thus:— 


(1) Traders' rash speculation has been 
the limitation of credits. 


stopped by 




(2) The cessation of speculators’ orders for goods 

(for "Winch there was no real money available 
to lyiy) causes a lack of work. 

(3) This, in "Curn, necfjssitates economic adjustment 

of wages and a,lso makes the worker realize 
that ho must give a day’s work for a dav’s 
pay in order to retain his employment 

(4) lastly, "we come back to the necessity for erenomy 

in every direction in order to provide funds to 
jmy off the debt which caused the high taxa¬ 
tion ; and the liquidation of debt will in time 
cause taxes to fall. 


The natioms erf the world are poorer, and the present 
conditions c.an only be improved by economizing 
generally and by paxliicing the world’s needs more 
economically and so. oven wiUi reduced available 
income, enabling good.s wliich are necessities to be 
purchased. 

The author fully appreciates that there are other 
matters (besides reduction of costs of production) that 
need attoutioii, such as adjustment of exchanges, and 
tlic investigation into and i*cdiiction of heavy costs of 
distribution in many inclu.stries. These, fiowever, will 
no doubt be dealt with in tune. If every section, i.e. 
fmauco, mamifucturc, distribution and labour of all 
gnidcs, does its best towards this rebuilding of the 
iuditstrial world, wo shall have nothing to fear in the 
future. 

The particular problem with wliich the author 
proposes to deal is the basis of production of the best 
article in the .shortest time, at the lowest price. It 
should bo realii:ed, however, that lowest cost does not 
neco.ssarily mean lowest wages, but it certainly does 
entail the most economical method of production, by 
the joint effoi*ts of both employer and employed. 

Much lifts been said and wTitten about so-called 

ca’ canny ** runongst the worlcmeti, but the author is 
of the opiniou from experience that this can be elimi¬ 
nated by a nijinagemcnt which looks for and removes 
tlie causes and does not simply complain about tlie 
results of " ca' canny." 

The fundamental for the organization of economical 
production is co-operation. A shop with a good lay¬ 
out, manufacturing good designs, does not necessarily 
produce cheap and good articles. There must be the 
closest co-operation between all sections of the staff 
and workmen before any real success can be achieved. 
The basis of co-operation is naturally the human element 
in all branches of the organization, and the amount by 
which the ideal is approached is controlled by the results 
obtained by tlie weakest human link. This is funda- 
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mental, and the author personally considers it to be of 
first importance. For this reason it is referred to before 
dealing with questions of general organization. The 
heads of factories must first be students of human 
nature, so that in selecting men for executive positions 
they can satisfy themselves that these men, in addition 
to thoroughly understanding the technical and practical 
side of their respective appointments, can also select 
and lead their subordinates to co-operate with other 
sections or branches of the works. 

The special problem of the manufacture of electrical 
apparatus is so complex that it really cannot be left 
to haphazard methods, for there is no apparatus made 
in which there is a greater variety of materials. 


Table 1, 

Chart of Number of Farts and Materials 

used on a 

Standard Design of Rotary Converter. 


Description of materials 


Number of 
separate 
parts used 

Rolled hard shaft steel . 


1 

Cast steel . 


17 

Forged steel . • • • • • • • . 


3 

Special low-C£irbon steel 


1 

Mild steel . 


93 

Key steel . 


27 

Electrical sheet steel (ordinary quality) 


618 

Black sheet stee^l . 


1 629 

High-tensile steel wire .. 


98 

Spring steel 


4 

Copper-plated spring steel 


48 

Cast iron. 


38 

Wrought iron 


12 

Phosphor bro?ize .. 


2 

Cast brass. 


100 

Brass rod ?. 


47 

Sheet brass 


48 

Lead .. . . 


6 

Bell-metal . 


G 

Hard-drawn higli-conductivity copper bar 


270 

Rolled copper bar and strip .. 


657 

Tinned copper strip 


270 

Sheet copper .. - .. 


132 

Copper wire 


G 

Copper tube . 


10 ^ 

Flexible cable .. .. ... 


8 

Carbon . 


72 

Bakelized micarta 


62 

Bakelite . 


1 

Fibres 


186 

Mica , . .. ... 


1 

Micanite . 


316 

Fullerboard .. 


18 

Canvas hose 


2 

Hardwood 


78 

9 pl3nvood . 


6 

Sub-Total .. 


4 582 

Steel nuts, bolts, 'slashers and rivets.. 


1 248 

Copper rivets ., ,. ,, * .. 


676 

Total .... 


6 406 


Table 1 — continued. 

Insulation material. 

6 different qualities or thicknesses of fullerboard. 

2 different thicknesses of leather paper. 

Fibre. 

Torpedo cord. 

Bare paper mica. 

Micanite strip. 

Enamelled rope. 

3 dilferent thicknesses of tape. 

2 different thicknesses of empire tape. 

Varnishes. 

Mica-sticking varnish. 

Clear insulating varnish. 

Standard baking-coil varnish. 

No. 2 black finishing varnish. 

Grey enamel. 

^ Shellac (of 3 different specific gravities). 

Finish on castings. 

Anti-corrosive paint. 

Knife filler. 

Leather filler. 

Brush filler. 

Coat of priming pjiint. 

Coat of finishing paint. 

Total number of separate parts used (not 

including nuts, bolts, washers or rivets) 4 682 

Total number of different materials used — 65 

In addition to the various ferrous and non-ferrous 
metals, there are insulating materials, mica, paper, linen, 
cotton and silk in various forms, string, fibfe, asbestos, 
etc., and numerous varnishes and solvents. These, it will 
be appreciated, involve the employment of all types of 
labour, skilled and semi-sldlled, in many different trades. 
Table 1 gives a list of the materials and the number of 
parts used in a rotary converter. 

To acliieve success in the manufacture of machinery 
such as the above on anything like a large scale, the 
works organization should be subdivided into distinct 
sections, each section having clearly defined functions. 
From experience, a worlds sectionalized as follows 
has given eminently satisfactory results:— 

(1) De.sigh. 

(2) Works Superintendence. 

(3) Technical Process Department. 

(4) Rate-Fixing and Mechanical Process Department. 

^ (6) Production Department. 

(6) Inspection Department. 

(7) Costing Department. 

Fig. 1 shows the relationship between these sections. 

These divisions were arrived at in an endeavour to 
arrange for the efficient automatic application through¬ 
out a works of the knowledge and experience of specialists 
in each particular branch, all co-operating to get final 
economic manufacture. It is quite impossible to find a 
man versed in carrying out the of all these various 
branches, and the aim of all manufacturers should be 
to obtain the full benefit of accumulated specialized 
experience and to pass this down to the actual worker. 
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so that he can apply his manual effort and sJdU in the 
best way. The time is past when a technical business 
can be run by one man doing everything, including the 
bu 5 dng, the works managing, the planning, the costing, 
etc., and general supervision. This was satisfactory in 
the past when competition was not keen and the margins 
of profit were much higher, and when technical know¬ 
ledge was not developed as it is to-day. 

The success in actual practice of introducing the 
system about to be described is shown by the following 
results:— 

(1) The relation between the total value of the work 
in progress and the value of the monthly output of 
completed machines was reduced from 7 months to 4|, 
thus giving a very considerable saving in capital required 
and the interest on that surplus capital. 

(2) The average time of manufacture of a certain 
size of machine was reduced from 22 weeks to 18 weeks, 
and that of other sizes relatively. This has since been 


facture of a particular product is drawn upon and 
embodied in the design, the best results cannot be 
obtained. No man can be an expert in every process 
and operation in the manufacture of a piece of electrical 
apparatus. Each particular branch of industry is a 
large proportion of a life's study, and in large and small 
works specialists in various directions exist, and it is 
in the interests of manufacturers to consult them and 
get their ideas embodied in the design, so that mistakes 
and delays are not experienced in the shops. The 
author once heard a remark that one could not expect 
the people in the works to know the technical details 
that the designer has in mind, and he is in entire agree¬ 
ment with this. It is important, however, that as much 
as possible of this information be imparted to the 
workers. Every effort should be made by designers 
and shop staff to apply this principle of co-operation 
in its broadest meaning, and make full use of the know¬ 
ledge of experts in various shop problems. 



still further reduced, but this is accounte4 for by the 
fact that the shop is not now fully employed. 

(3) The number of machines overdue was reduced 
^o-thirds. 

(4) The number of defects arising during manufac- 
ture on various operations has been reduced two- 
thirds. 

(5) The accumulative effect has reduced the cost of 
manufactee by quite a considerable percentage. 

The geiieral lines of the system adopted in each of 
these sections which accomplished the above results 
will now be dealt with. 

Design. , 

Under this particul^x heading the author must again 
take the opportumty of referring to the question of 
o^peration, for, in his opinion, unless the experience 

Id knowledge of everybody concerned in the manu- 


In this connection the author has one very good 
example in mind of an end bracket made from a 4-part 
pattern, with intermittent machining surfaces. The 
same bracket was re-designed for a 2-part pattern, 
with a consequent saving of 17J per cent of the total 
factory cost, due to the simplification of machining 
and reduction of the number of scrap castings. If the 
co-operation of a formdry expert and macli^e expert 
had been solicited in the early stages, this design would 
never have been issued to the shop. 

The author considers that a design of each part of a 
piece of apparatus should be considered at a meeting 
of the designer, the manufacturer and, if necessary, 
the salesman (who should Imow the requirements of, 
purchasers) before it is finally put into manufacture, 
in order that the* requirements of each party may be 
properly embodied. 

Particular care should be taken to see that shop 
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drawings are clearly dimensioned and limits of accuracy our universities and technical schools should include 
ffiven. Unmachined, rough machined and finished in their curriculum a course of economics. Lectures 

machined surfaces should be clearly marked. should also be given on the relation between so-called 

capital and labour and, further, methods of costing, 
Works Superintendence. time-keeping and absorption of overhead •expenses 

The most important consideration under this heading should be dealt with. The development of initiative 

is that of labour. In order to. handle this problem should also have special attention, for when men enter 

efficiently all those who have the handling of labour into ordinaiy industrial or business life, very few have 

must be satisfied in their own minds that the biggest to apply solely technical knowledge. The technical 

percentage of workmen are reasonable men, and, if this knowledge acquired is very often only a means to an 

good percentage have rather distorted ideas on any end in so far that it enables one to think on the right 

particular subject, they should not be blamed but lines. Men should be encouraged to take part in open 

helped to change their distorted views. Problems discussion on technical and other subjects, to give them 

looked at from their limited outlook gan easily pro- confidence in themselves and to develop their per- 

duce the conclusions at wliich they arrive. When sonality. Success depends largely on one's executive 

these conclusions are wrong it is the duty of all acumen, initiative and ability to co-operate, 
employers of labour to endeavour to put before their {/;) Works committees ,—^Tho author has found the 
employees both sides of the problem. The problem setting up of a works committee to be the most effective 

then often resolves itself largely into the elimination way of establishing confidence between the management, 

of selfishness from all parties, employers, employees and the men. It is a most satisfactory channel for 

and employees' unions. The author, personally, has bringing before the workers the management’s viewlj on 

the greatest respect and affection for the working all sorts of questions, particularly managerial and labour 

classes as a whole, but he realizes that the vast problems. Further, it enables the management to 

majority are not in a position, through lack of know- obtain the workers' views. This gives the workers the 

ledge, to consider the problems with which they are feeling that they are being consulted in matters in 

faced, and therefore simply accept the teachings of which they are directly interested, and this in itself 

loquacious agitators. removes suspicion. It must bo appreciated that 

(a) Works ed^ation .—The importance to all in economic production can never be obtained unless the 

industry, and to the nation as a whole, of improving men give loyal support to the management. In this 

the position is apparent to those in close touch with connection the author would say that the value of the 

the workers, and the future’can be best taken care of works committee's support and assistance in the intro- 

by the proper provision for tho training of apprentices. ductioii of the system outlined in the paper, ^ntributed 

In this training, apart from their ordinary trade, there largely to the success of tho system. This should be 

should he inckided lectures on economics. How few ample evidence of the value of a works committee, for 

workmen realize what the secretary of a leading trade if there is one thing that tends to create suspicion and 

union recently pointed out, namely, that 90 per cent upset the workmen more than any otlier, it is a chmige 

of the costs of production is borne, indirectly perhap.s of management and system. 

but nevertheless jDome, by the workers themselves I (i;) Foremen's meetings ,—In order to stimulate the 

The days when an apprentice could be left to liis foremen's maximum interest in the management of 
own resources to pick up his trade in the shop have their shops and keep them informed on economic aii,d 
gone. Competition is too keen and it is necessary, in managerial problems, the author has found that monthly 

the interests of the men as well as of the manufacturer, foremen's meetings, at which all problems of general 

that they should be taught on a systematic basis. In interest met with during the previous month arc dis- 
the works with which the author is assf)cialed in cnssetl are of great assistance. Tho foremen have 
Sheffield there are apprentice classes whex-e the appiun- continually referred to the value of these incetings 
ti<^s are given, in the employer's time, lectures by and to tho fact that by this method Uicy have received 
skilled men in the various trades such as fitting, turning information on matters which, in the past, have not 
and winding, and in addition are given details of tho reached them at all. 

rudiments of rate-fixing and costing, so that they ' [d) Unemployment ,—Generally speaking, it may be* 
acquire this^knowledge in their very early life and are able gathered from convei-sation with good workers that tho 
to consider problems from the broadest point of view. greatest brake on efforts of production is the fear of^ 
It IS hoped that when the apprentices become men unemployment, and one cannot help but appreciate 
mey wiU not have to follow the advice of destructive this fear; for very often a workman with a wife and 
eadera in trade unions, but will themselves bo able family to keep can be thrown out of employment at 
0 ^ve coi^idered and constructive opinions. The quite short notice with no immediate appreciable 
an or considera that these lectures, particularly on visible means of support. A man working under these 
onomic^estions, should be extended to tlie fully- conditions is naturally tempted to take all possible 
^ where they have been given at steps to delay loss of employment and^ if he feels that 

th<» Tr ^ found that the men take by exerting extra effort he 4s only completing more 

intelligent interest in the subject. quickly the small amount of work that is available^ 

with Ilk® to say a^particular word tlien one cannot get from him his maximum effort. It 

take th^H ^ '^®^^®3lly-trained men, i.e. men who is Sot easy to educate and convince a workman that 
^ degrees in engineering. It is essential that these actions on Ms part are quite wrong because they 
• VoL. 6L 24 
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cause articles to cost more and therefore make it more 
difficult to obtain further orders. He can think only 
of the position as it affects him at the moment, not 
as it may affect him several months later. 

It has occurred to the author that, if we wish to 
get the maximum effort at all times from the workers, 
this problem must be dealt with in a more materialistic 
way than by teaching economics. It is suggested that 
the creation of a special fund dependent on maximum 
production during times of good trade—this fund to be 
applied to carry the workmen over periods of depression 
—^would remove this detrimental effect of fear of un¬ 
employment. After all, the creation of such a fund 
for the workers is nothing more than is generally done 
in the sound financing of an ordinary business, i.e. the 
setting up of a reserve fund. Why should not the same 
principle be applied to the worker ? Profit-sharing 
schemes have been suggested and are very sound, but 
the worker's argument is : " Why should a high-class 
workman employed by a firm which is on a sound 
busmess footing and earns a good profit, receive more 
than another man, equally skilled and keen on his work, 
who is working for a firm which does not earn any 
profit ? ** And one can appreciate this argument. 

In studying this subject the author has come to the 
conclusion that this sinking fund could very easily be 
provided in a " payment by results ” works in such a 
way as to be entirely dependent on the workers' efforts, 
hut should be contributed to by both tlie employee 
and tlie employer. 

In the engineering industry agreements already exist 
by which^a pieceworker of average ability must be 
able to earn 33J per cent bonus. Most workers by 
extra effort earn considerably more than this. It 
would therefore be quite feasible to base tins “un¬ 
employment sinking fund *' on this extra effort, by the 
employer suggesting that for every 1 per cent earned 
by the worker over the 33J up to 60 per cent he will 
give a fixed sum per Is. to the fund, provided that 
the employee will also give a fixed sum per Is.; and 
further, for every Is. over 60 per cent bonus the employer 
would give a further extra contribution in order to 
promote extra effort. It will be seen that the employer 
would thus be giving extra payment for extra effort, 
such money to be applied to insure the worker in times 
of plenty against times of depression. 

The scheme could be applied to the recognized day 
^ workers, such as crane men, shop labourers, etc. The 
same effort could thus be obtained from all employees 
of the firm to assist the pieceworker in the production 
^of his maximum bonus. The piecework prices would 
be set to a recognized scale which could be easily seen. 
If deemed advisable these unemployment funds could 
also be used for old age and sickness benefits. 

It was pointed out to the author by a workman 
that many men would be suspicious of the scheme 
because they would think that employers would know 
how much money the worker had saved in this way, and 
Hyould use this knowledge to their own advantage in 
•times of depression, or other times. In order to over¬ 
come this, the fund might* be administered solely by 
the various works committees or district commitfees, 
and thus the employer would have no knowledge of 


the sums accumulated for any individual. This fund 
would be available solely for periods of unemployment 
due to causes other than industrial disputes, it being 
clearly recognized that an employer could not reasonably 
be expected to contribute to funds which might at 
some future period be used for strike purposes. The 
details of a scheme of this description must necessarily 
be bound up in a certain amount of trust beriveen 
employer and employee, and this can be dealt with 
through the works committee. 

The general handling and education of labour having 
been discussed, the author proposes to deal now with 
the way in wliich technical manufacturing information 
is conveyed tp the workers. 

Technical Process Department. 

This department is obviously necessary in view of 
the fact that many of the problems connected vnth the 
manufacture of electrical macliinery cannot be left to 
the shops to solve. The proper solution very often 
depends on considerable research work and there are 
often several ways of getting the same ultimate result, 
but there is only one way which is the most efficient 
and cheapest. It is the duty of the Process Department 
to study these various problems and to issue such 
instructions as are necessary to everybody concerned 
to assist them in every way. In addition, records must 
be kept of these various process specifications so that, 
should there be a change of supervising labour or 
operating labour, the n^w man can look up these 
specifications and so follow on tlie lines previously 
worked to. An example of this occurred some years 
ago, when a man who had been shrinki?ig slip-rings on 
to mica-covered bushes suddenly left and another man 
was put on to do tlie job. The foremah gave what 
he thought were the correct instructions to carry out 
the work. About two months afterwards, however, 
when these slip-rings began to reach the assembly 
department, it was found that they were loose. On 
investigation it was discovered that there was no speci¬ 
fication and therefore no record of what allowances the 
man, who had been doing the job for many years, 
used. In consequence of tliis a number of experiments 
had to be carried out and a specification prepared. It 
must also be remembered that the worlanan or shop 
foreman is not always familiar wdth the details that 
the designer has in mind. It is therefore of the utmost 
importance that process specifications should be pre¬ 
pared, particularly drawing attention to tlie points that 
the designer wants. In a case which recently came to 
the author's notice ventilated field coils were provided 
in a certain macliine but no reference was inade on the 
drawing to the fact that the top and bottom washers 
on the coils should be provided witli an opening to 
allow the air to pass tlirough. In consequence it was 
not until the machine was assembled and tested that 
the fact of these ventilating ducts , being closed up was 
discovered. 

This department also issues the necessary specifi¬ 
cations to enable the buyer to purchase the right sort 
of materials, many , of which have,, to fulfil, liighly 
important functions..of whidr the .manufacturer ;bas 
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little knowledge. This section works very closely in 
conjunction with the research departments. 

Appendix 1 gives an example of a manufacturing 
process, and Appendix 2 shows a purchasing specifica¬ 
tion for asbestos millboard, showing how the require¬ 
ments to meet special technical conditions are taken 
care of. 

Having dealt with the handling of labour and the 
transmission of technical information to the shops, let 
us now consider the instructions with regard to a 
mechanical operation. 


methods and appliances, and should thereby supply 
data to the other branch consisting of the process 
engineers. In tliis way we can ensure that all piece¬ 
work times are arrived at on a definite basis with 
respect to feeds, speeds, etc., and we can conse*quently 
eliminate the startling discrepancies which are often 
found to obtain under those rate-fixing systems where 
the individual is allowed to express Iiis own opinion. 

The Process Department compiles a process sheet 
for every item for which a drawing is made, and on 
each process sheet will be found the following informa- 


Table 2. 


M.P. & K.F. Dept. ])opt.*“ I).'* Piecework Time based on one off. Section 1*. 
Apparatus: . Process Sheet No. 723. Order No.: E.IOO. 


Drawing No.: Item No. 1, Style: . Date: 3/4/1922. 


Seq. 

No. 

Operation 

Finish* 

M/C 

No, 

M/C 

Rale 

Group 

No. 

i.aboiir 

Rate 

Class of 
l-alxmr 

Process 

Time 

l^itjcess 

Price 

Awards 

F.E. 

Total 

No. 

off 

Tool 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Plane joints and feet. 

Mark joints for drilling 

Drill and S,F. joints 

Joint up . 

Mark setting line for Ixiring 

Bore and face . 

Mark for drilling complete.. 

Drill and S.F. for poles and feet. 

Drill and tap for eye bolts 

Drill and tap Iqr rocker .. 

Petrie. 

D 

D 

D 

D 

D 

M » 

II 

M ni 
M 

H 

M <J 

H 

M 22 

M31 

H 

s. tl. 
3 4 

1 1) 

2 0 

1 {) 

1 9 

3 4 
t 9 

3 4 

2 0 

1 9 

98 

11 

24 

11 

n 

92 

n 

03 

24 

11 

s. cl. 
4.5 0 
49 0 
30 0 
24 0 
49 (1 
49 0 
49 0 
39 0 

39 0 
35 0 

Man 

Man 

Man 

Youth 

Man 

Mim 

Man 

Man 

Man 

Semi¬ 

skilled 

h. m. 
13 0 

J 0 

4 0 

1 0 

1 0 
10 0 

3 15 

8 45 

2 15 
15 U 


s. d. 

3 0 

0 3 

0 11 

0 2 

0 3 

2 3 

0 n 

2 0 

0 9 

9 5 

S. (1. 

43 4 

1 9 

10 0 

1 9 

1 0 

33 4 

5 8 

29 2 

6 n 

2G 3 

s. d. 

02 7 

3 9 

10 1 

2 7 

3 9 

40 7 

31 0 

41 0 

8 8k 
44 8 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Total. 

71 1 


158 7^ 

243 21 

1 


♦ A « ground finish. B « lap finisU. C =» water finish. D « dry finish. E « serai-finish. F « rough finish. 


Rate-Fixing and Mechanical Process Department. 

■ 

In establishing a department of this description, the 
selection of the personnel is a matter that requires 
careful attention. In many engineering works it will 
be found that the piecework times are fixed by the 
foremen or by rate-fixers who have graduated from the 
ranks of the workmen witliout any special training 
apart from that obtained in the workshops. If the 
product is of comparatively simple design and con¬ 
struction such an arrangement is generally adequate, 
but for the complex nature and variety of the parts 
that go to make up an electrical machine, and owing 
to the keenly cut prices which have to bo quoted to 
enable home manufacturers to compete with the 
foreigner, it is essential that not only the piecework 
tune, bht the macloine and type of tool to bo used and 
me class of finish to be aclueved for every operation, 
be decided by engineers who have the necessary work- 
op experience and, in addition, who thoroughly 
understand the functions of the multifarious com¬ 
ponent parts to be handled. 

In ordM to take advantage of the full capacities of 
e machine tools and of the improved methods which 
e frequently introduced by the mechanical process 
ngme^ in collaboration with the tqol drawing office, 
j ^at the Process Department should 

distinct branches. Onc^"branch should 
entirely with time studies of the feeds and 
P s which can be obtained with the improved 


tion in addition to the operations:— 

(1) Process sheet number. 

(2) Drawing number. 

(3) Item number. 

(4) Description of item and style of machine for 

wliich it is required. 

(5) Minimum number of items to be inanufactnred 

at a time to permit of processed time per 
item being adhered to. 

(0) Machine tool to be used if a machining operation. 

(7) Hourly rate of the machine tool. 

(8) Class of labour to *be used on each operation. 

(9) Rate of labour to be used on each operation, 

(10) War allowances. 

(11) Factory expense. 

(12) Total cost of labour and factory expense. 

(13) Sequence in wliich the operations are to be 

performed. 

(14) Shops in which the operations are to be per¬ 

formed, and to which consequently the process 
« sheets are to be issued. 

(16) Class of finish. 

• Table 2 shows a typical proceiss sheet for the yoke 
of a rotai-y converter. • 

To ensure that the process sheets are supplied to 
the^departments concerned, the process sheet number 
and the departments to which the process sheets are to 
be issied are given against the various items on tlie 
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mantifacturing specifications which are prepared by 
the drawing office and distributed by the Production 
Department. 

Jn fixing a piecework time the process engineer bases 
his calculations on the following assumptions :— 

{a) That the material will be of average quality of 
its Mnd. 

(b) That the machining allowances will be normal. 

(t;) That the man who is to handle the job will be of 
average skill, so that be should have no difficulty 
in making time and a third on the job. 

(d) That the best machine (if a machining operation) 
will be available at the time the job goes 
through. 

If the time allotted to the job is« disputed by the 
operator, he refers the matter to his foreman, and if 
the latter also disagrees with the piecework time, the 
time-study man for that department is called in to 
demonstrate what is actually possible. The operator 
also has the right to scrutinize the detailed figures as 
calculated by the process engineer which go to make 
up the total time allowed for the operation (this infor¬ 
mation, by the way, is filed away in the Process Depart¬ 
ment with every process sheet) so that he can, if he 
wishes, point out in what respect he considers the 
piecework time to be at fault. If it is found that the 
time allowed is incorrect through some extraneous 
circumstance, such as unusually hard material involving 
lower feeds and speeds, defective material, or excessive 
material allowances on machined surfaces, or owing 
to the best machine for the operation not being avail¬ 
able, th^ an additional piecework time fixed by the 
time-study man is allowed for the job, covering the 
excess time involved only. Under such circumstances 
the processed time would not be altered. 

'^atever the cause, the matter is brought to the 
notice of the Process Department and, in the case of 
faulty material, is taken up by them with the suppliers 
of the material with a view to obtaining a rebate for 
the extra cost involved in machining this material or, 
at any rate, ensuring that further supplies will tend 
to , be free from such faults. If, however, the time 
student’s investigation proves the processed time to be 
incorrect, without any such extenuating circumstances, 
the process sheet is immediately altered by the process 
engines and the data from Tyhich the processed time 
has been derived is corrected accordingly. In dealing 
with disputes, absolute frankness is necessary, and If 
there is any doubt about the accuracy of the processed 
figure, pai^cularly of that factor which cannot easily 
be calculated and is more a matter of experience, 
namely, the setting up and handling times, then the 
matter should be carefully investigated and the operators 
given the benefit of any doubt, unless it is ultimately 
settled incontestably by demonstration that the pro¬ 
cessed figure is correct. 

Immediately a new drawing is completed py the 
drawing office, a copy i» sent to the Process Depart¬ 
ment and the process sheets ar^ issued as quickly as 
possible so that the piecework time is fixed well in 
advance of the. operation being performed. Thifi is 
very important, as nothing annoys the operators more 


than not knowing the price they are to be allowed 
for a job until after it has been commenced or com¬ 
pleted, and under such circumstances an atmosphere 
of suspicion is engendered between workmen and 
management that is very difficult to combat. 

In addition to establishing all piecework'times rOn a 
systematic basis, the further advantages accruing from 
the system are as follows :— 

(1) The Process Department is in a position to keep 
the Purchasing Department posted as to the relative 
merits of materials supplied by different manufacturers. 
For instance, in connection witli steel castings it was 
found that one firm quoted a'substantially lower price 
per ton for castings than a competitive firm. Orders 
were placed with both firms and it was ultimately 
proved that the castings from the latter firm were 
much cheaper in the long run, as the material was better 
to machine, the castings were sounder and more accu¬ 
rately moulded and the percentage of rejected castings 
was much lower. 

(2) The Process Department can readily supply the 
Estimating Department with accurate data for the 
preparation of estimates, and also advise when reduc¬ 
tions can be made owing to the introduction of improved 
methods or machinery. 

(3) Ovring to the piecework time being based on the 
best machine tool being available, certain machines 
are called upon to such an extent ;jhat some of the 
work necessarily has to be performed on less efficient 
machines. Records are kept of the extra cost of the 
work on these machines,*^ and the losses thus incurred 
will show whether the inefficient machines are worth 
retaining in service. 

(4) A copy of all process sheets is sent to the works 
posting section so that actual costs can be compared 
with processed costs as the parts are manufactured. 

(6) Disputes regarding piecework times as processed 
have frequently brought to light ;fche fact that the 
methods of production as carried out before the intro¬ 
duction of the system were entirely wrong and entailed 
considerable unnecessary expense, also in numerous 
cases super-accuracy of finish was being put into parts 
that were unimportant. 

(6) The process sheets enable the Production Depart¬ 
ment to deduce exactly the time required to manu¬ 
facture any piece of apparatus. Table 3 shoTvs informa¬ 
tion taken from the process sheet and assembled to 
show how the total machine-hours and man-hours on 
each particular class of machine would be ascertained. 

(7) The process engineers frequently find when pro¬ 
cessing a part that reductions can be made in the cost 
of production by an alteration in the design which 
will not interfere in any way with the functions of that 
particular part. 

The production machine basis sheet is prepared from 
the process sheets. This will be dealt with under the 
heading of Production Department.” 

The author believes that the system has been dealt 
with in sufficient detail to illustraCe, the broad principle, 
on which the Rate-Fixing Department should be 
organized. 

The handling of labour, and the transmission oi 
technical and mechanic^ operation information to the 



Part of Progress and Production Chart, in Machine-Days and Man-Days, 
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NELSON: WORKS PRODUCTION 


men have been dealt with. The obtaining of TnatAri^^ 
and its passage through the shops Mrill now be discussed, 

pRODTJCxioN Department. 

In describing the organization of this section the 
author'would add a few words of warning in cTinncing 
the man to run this department. Beware of the high 
qualification claimed by applicants for the position- 
such as efficiency engineer and production expert—who 
are frequently experts in theory and not in practice. 

The works manager, who it is assumed is a man 
of education and very wide practical experience, should 


shop the normal month’s capacity of which was con 
sidered to be 300 tons. Each month is laid out similarh 
and the Commercial Department is advised by th< 
Production Department of forward requirements it 
good time to keep tlie shop fully employed. If thi 
orders received monthly exceed the shop capacity thi 
fact IS revealed in good time to enable steps'to be tkker 
to deal with it by extending the works, obtaininf 
outside help or increasing the working hours or deUverj 
periods. A list, revised monthly, is sent to the Com- 
mercial Department showing the delivery times to U 
quoted in tenders for all types of machines. 


Table 6. 

Machine Produaion Chari.—Summary for Type X Machine. 


TIME IN DAYS 






HI ■■I ■■■ IlMMl 

_ 

BBBBSBSSSSSBBSi 
jnmijjBBSBBBB&Bi 

BBBBBBBBBBgBHHMBBPMW EfiifflB igaMMwBi 





EogiiKai 


HI ISZ^IIGaiQ 

___ 

■■sbssBbsS&SbbSB^^^^’^^"^ ^SSS ■■■■■■I 


taka® 


^n^iBTaMK— M 

r^fhnnjfBSBBBiB 


J;ll !■ Hrjtl!ll!M I 


^^™SB^^ isai iaBaaaaaaB BBgBB BBB 

BBBBB BgBBgMiaiiuMiga ■ ■■■■« ■■■I 

BBBSgg BB jw pijig jp jjf BHa imi 

Kln^M BBS BB BBSBBBSBBBBBBaBBB 



d;^ and control the operation of the Production De¬ 
partment throng the chief of that department, in order to 
ensure that it is not systematized beyond practical and 
commercial limits. This is very important, as a number 
of comp^ns have undoubtedly experienced; serious 
finmia^ difficulties through the operation of production 
^ t^GonsxSa . . 

< The capacity of the sliop is fixed by! the works manage^ 

ment m conjunction with the requirements laid down by 
,;^e saks OTgamzafion and the cajiacity fixed by the 
jProduction Dep^ent. The main shop programme is 
; then prepared. Table 4 gives an example of a portion of 
:a monthly sheet, part of a main production chajrt, for a 


TOien ^ order is received it is placed in its^ proper 
position in the main programme, which is based on 
the chart shown in Table 6. The dates are then fixed 
when the manufacturing information and materials must 
be available to enable the promise to customers to be 
kept. ^ These detail • requirements are recorded S 3 rs- 
tematicaUy so that they are automatically urged. 
This urgiiig is divided into three sections 

(1) Manufacturing information,""including specifica¬ 

tions and drawings, 

(2) Material. 

' (3) Work in different departments of the , shop. 
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The urging is run on a daily basis so that everything 
is urged at the right time. This can be easily arranged 
by having a card for each manufacturing day under 
each sub-section and entering on it all requirements 
due on that day to fulfil the manufacturing programme. 
A fixed period before the requirements are due (if they 
haye not'been received) they are specially urged. 

For the sake of convenience the Production Depart¬ 
ment is organized in two sections, one section handling 
specification sheets, the main production programme. 


this table biit, in practice, instructions for four weeks 
are given. The shop clerk, who will be at the fore¬ 
man's desk, will handle these and will be under the 
general control of the chief production engineer as far 
as the production matters are concerned. It is the 
duty of these shop clerks to keep the forem^ advised 
where the material is after receipt from suppliers and 
to get out the necessary drawings and tools to enable 
the work to be proceeded with at the right time. 

Production meetings are held weekly at which the 


Table 6. 

Large Machine Department. 

Week commencing March 7, 1921. The following machining to be finished by the dates specified. 
l^anie: Mr. X. 


Job No. 

Date 

Customer 

Description 

Remarks 

276/3681 

8/3/21 

A 

625/815 kW rotary 

Material received 18/2/21 

3685 

9/3/21 

B 

500-h.p. induction motor 

Material received 19/2/21 

E.139 

12/3/21 

c ■ 

380-h.p. motor 

Material received 16/2/21 

E.152 

10/3/21 

1 D 

110-h.p. induction motor 

Material promised 24/2/21 

E.163 

8/3/21 

i 

1 E 

1 

1 

lOO-h.p. induction motor 

Material received 10/2/21 


obtaining materials from outside suppliers through the 
Purchasing Department, and all work inside the office, 
and the other dealing with materials after receipt in 
the shops, an<? the production generally in the shop. 
The closest co-operation is essential between these two 
sections. 



Fig. 2.—^Tonnage .output. 

All manufacturing information from the drawing 
office is passed tlirough the Production Department and 
all drawings’ are subsequently passed through the tool 
drawing office so that all jig and tool designs are 
prepared to the date fixed for completion to ensure tools 
being available by the time material is received. 

From the main production chart, records (again on a 
date principle) are prepared for the foremen of each 
department in the shop. 

Table 6 gives an example of'a foreman’s weekly 
production list, as supplied to himjby the Production 
Department. Only one week’s work is reproduced in 


shop superintendent, buyer, production chief and fore¬ 
man are present, when details of progress, etc., are 
discussed. 

The curves in Fig. 2 show the effect of a production 
department’s work from its inception until reaching 
the legislated tonnage output. 

The Production Department is responsible for fixing 
the maximum and minimum stock quantities for all 
materials stocked in stores. 

A return is made to the works manager each week 
from each department of the items wliich^have not 
been completed according to schedule, and the reasons 
for such non-completion. 

For a certain works of 700 hands the production staff 
consisted of:— 

1 chief; 

2 assistants; 

3 clerks; and 

1 typist, 

exclusive of foremen’s clerks, of whom there were 4. 

Having dealt with labour and the necessary instruc¬ 
tions to labour for technical and mechanical operations 
to be used in conjunction with the material provided, 
let us now consider the question of inspection of this 
material in its initial stages and during its progress 
through the shops. 

Inspection Department. 

In order to ensure that a piece of electrical apparatus 
when it reaches the test bed has the very best chance 
9 f turning out satisfactorily, both to the customer and 
to the reputation of the manufacturer, it has been 
found of the greatest advantage to arrange for the 
inspection and testing of details as the manufacture 
proceeds through the worjcs. TOis is of great impor¬ 
tance, because if a machine can be shipped immediately 
after test, and if expensive repairs can be avoided^ 
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a manufacturer is better able to fulfil the obligation 
of delivery. 

In the first place, arrangements must be made to 
inspect and test the raw materials, for, as mentioned 
above, with .electrical machinery the range of materials 
is so wide that it provides many channels of possible 
failure. The standard for these materials is taken 
from the pmrchasing specification prepared by the 
Process Department. 
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Dotted »• « Percentage r^ected as faulty 


Fig* 3.-“Inspection of gear wheels and pinions. 


The author has found it necessary that the Inspection 
•Department should take entire responsibility for the 
testing and inspection of raw materials, but in the shops 
he prefers that representatives of the Inspection Depart- 



Fid.. 4. 




ment should be looked upon in a similar light to cus- 
tdmersyinspecting enginee;s. In other words, they are 
a safeguard: to the managenient and tlie foremen, but 
it^:v6fy important to leave to the foremen-the real 
le^onsibility for -the Quality ,of tiae-product. * Itfis 


necessary that the foremen should feel that the Inspec¬ 
tion Department is established to assist therh in avoiding 
mistakes. On no account should the impression be 
gained that they are spies on the manufacturing section. 
It is therefore essential that the inspectors should 
co-operate with the manufacturing section to improve 
the product and avoid mistakes, rather than criticize. 
This latter course should be taken only where gross 
negligence or wilful opposition occurs. The number of 
inspectors depends on the class of work that has to be 
dealt with, and as a rough guide the author has found 
the following proportions to be satisfactory 

Large machine section requires 1 inspector to 60 hands. 
Small machine section requires 1 inspector to 70 hands. 
Large assembly^ection requires 1 inspector to 46 hands! 
Small asseinbly section requires 1 inspector to 35 hands. 
Large winding section requires 1 inspector to 40 hands. 
Coil and insulation section requires 1 inspector to 
40 hands. 

(Note.—C ost of the above is approximately 0 • 7 per 

cent of factory cost of output.) 

Fi^. 3 and 4 give some indication of the results 
obtained by tlie introduction of an inspection system. 
The former shows the small number of defects that 
appear in the final completed article, and the latter 
the fall in the number of defects in the final testing 
(lepartment after the introduction of a detailed inspec¬ 
tion system. A curve of comparativ,p costs is also 
shown. 

Costing Department. 

To manufacture a varied product satisfactorily it is 
necessary to have proper records to guide all parties as 
to ^e cost of the product in direct labour and materials 
and also overhead expenses. During tlie introduction 
of a Costing system, the first essential to impress on 
the members both of the manufacturing and of the 
costing staff is that the closest co-operation must 
exist between them. The Costing Department is not 
a spy on the Manufacturing Department, bnt a 
useful and constructive portion of the manufacturing 
orga-nization. Its duty is to assist the^manufacturing 
section by giving such figures and help as to enable 
them to ensure that excess costs do not occur. It must 
be realized that the foreman in tlie shop cannot possibly 
car^ the cost of all different operations; and factory 
expenses in his head, and he must be encouraged to 
co-(^rate with the Cost Department and to have 
confidence that they will Assist him. 

Costing can he • conveniently divided into two 
sections 

(1) Consistmg of direct labour and. materials. 

(2) Consisting of factory overhead expenses. 

» j(I) Costing direct labour and materials.—The author 
• has. experienced great, difficulty in cases where costs 
are not available until a machine is finally com¬ 
pleted. By this ^angement, if, a. machine takes 
..several months to. m^ufacture. it .is impossible to 
investigate operation costs because they are received a 
.considerable.time .^er the operatipn hBs been carried 
ouh.. .This emphasizes the necessity of a costing system 
ibemg. elastic as.well as.prompt. 
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An elastic system has mainy advantages, and one 
vyith which the author is now acquainted has been 
found to contain the very elements necessary to avoid 
losses which might recur in ppssibly the course of two 
months in a works where repetition work is engaged 
iji to some extent. It also provides the means of 
producing. efficiently and cheaply, by reason of the 
fact tliat particulars can be obtained of the time taken, 
the number of operations employed, the size and rate 
of machines .used, and the cost of labour. 

‘“.For many reasons it is of the utmost importance 
that a sound costing system be installed. In this 
connection, in the particular works with which the 
author is associated, the features that have had most 
consideration and which are of paramount importance 


Cost Department, each operation to be given a number 
for the purpose of comparison. 

In many works what is known as the ** Hollerith ” 
card index system has been introduced for the recording 
of costs. This is certainly very sound, but in its 
introduction very careful consideration must be given 
to the question of flexibility, for unless the system is 
properly laid out the Hollerith system can be far from 
flexible. The most important point about a costing 
system is that it must not give either too little or too 
much. If the former, it becomes useless because the 
information is incomplete, and if the latter, more 
money is being spent than the value obtained from it. 
It is obvious, however, that it is better to have too 
much than too little. 



are: To provide operation costs as quickly as possible 
after an operation has been carried out, so that the ^ 
actual cost can be compared with the planned process* 
After all operations on a piece of apparatus have been 
thoroughly standardized and the comparison itetwe^ 
cost and estimate shown, and the planned piecework 
prices fixed, then, provided a proper check is kept on 
daywork, there is not the same need for keeping a com¬ 
parison .of operation costs, and the final cost of the 
completed machine is the only check that is essential* 
In the. starting lip of manufacture of a piece of apparatus 
of new design, however, operation costs, prepared 
immediately after*the work is carrjjed out, are essential. 

In order to make this scheme operative, a complete 
detailed list of the planned operations should be for- 
mded;by.the Mechanical;P|?QPess Department,, 


(2). Costing factory overJaad expenses ,—^The overhead 
charges must be properly provided for and, in the 
author's opinion, a machine rate basis is the only sound 
way to effect, this. A percentage pn labour is quite 
wrong and to emphasize this one has only to take tji® 
case of a man and a boy working on the same machine. 
The man's rate, may be Is. 6d. per hour, and by the 
.p^centage. basis the overhead charge pn his labour, 
if the ratio is 100 per cent, would be Is. 6d. For a 
hoy bn the same tool at 6d. an hour the charge would 
be. 04., and, if one considers in detail all the expenses 
that, go into , overhead charges, it will be found that 
.,the changes per hobr for lov^ rate of labour are 
.'qnite. as much as for the higher, and very often more, 
as. boys damage more topis, and. require more sup^- 

niajprity of the 
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machine tools at the author's works the machine rate 
basis is taken as 40 hours per week, the difference 
between 40 and 47 being the average loss of time in 
the running of the machine due to various causes, such 
as breakdowns, men absent, getting together tools, etc. 
The macfiine rate basis is arrived at by allocating a 
portion of the fixed charges (such as rates, rents, taxes, 
depreciation, etc.) for the floor space occupied by the 
machine and the surrounding space necessary for 
storing the raw and finished product. 

Power charges are obtained by taking the actual 
power measurement of the machine. Tool charges are 
arrived at by estimating the value of tools used in a 
definite period and employing this as the basis for an 
average hourly cost for tools. Hourly charges per 
machine are arrived at for depreciation, general shop 
labour and materials, operation of cranes, etc. 

The author has heard the opinion expressed that it 
would be difficult to apply this system to an old works. 
However, at the works with which he is associated in 
Shefj^^ld, employing up to 1000 hands, this system 
was instituted and was running satisfactorily in 
3 months. 

Having arrived at this basis of machine charge, it is 
important to see that the factory expenses are collected 
and recorded in such a way that they can be easily 
watched to make sure that there is no mistake in the 
estimating of overhead charges, and that proper figures 
have been fixed for absorption. The assembly of these 
expenses should be such that they can be easily under¬ 
stood and watched by the heads of the various depart¬ 
ments. In the works referred to above, these expenses 
are recorded in the following three groups, each item 
being given a number, to wliich all expenses on that 
item are charged :— 

(A) Items controlled by the foremen. Full particulars 
of these are sent to each foreman monthly, so that he 
can take an intelligent interest in the money he 
is actually spending and keep down uimecessary 
expenditure. 

(B) Items controlled direct by the Superintendent of 
the works. 

(C) Expenditure controlled by the Board and General 
Management. 

Lantern slides will be exhibited showing details of 
these groups. 

This type of division may not be necessary in a 
smaller works, but the basis should be the same, for 
this paper was written to draw attention to a basis 
of an organization, as before mentioned, rather than * 
to give details of a particular scheme which may not 
be applicable to more than one works. 

By this method of recording factory expenses a more 
direct interest in the • efficiency of the department is 
created, because the foreman realizes that he has some¬ 
thing which he is able to control. 

Fig. 5 shows the variation of labour and factofy 
expenses and their relation to the absorption of factory 
expenses. In many works it is the practice not to 
give foremen details K)f this description. The author 
considers that a foreman should be looked upon as the 
manager of his own department and should be giv^ 
such information as will enable him to manage. tS 


owner of a factory wotdd not attempt to manage it 
unless he had the necessary figures put before him. 

Finally, a monthly summary of expenses is prepared, 
as shown on the lantern slide. 

Relation between Output and Costs of Production. 

The question of factory expenses has ah-eady b8en 
referred to. The author will now endeavour to show 
the distribution of these expenses. For the sake of 
simplicity let us consider a factory that is maldng one 
class of machine of one size. The factory cost of this 
machine consists of the cost of material, the cost of 
labour and its share of the factory expenses, and this 
share of the factory expenses is proportional to the 
output. In otUer words, the total factory expenses 
divided by the number of machines shipped per year 
equals the factory expenses chargeable to each machine. 
For example, let us assume that the normal output of 
a certain workshop undet a moderate management is 
1 000 machines a year. The basis on which the selling 
price is arrive^ at is obtained as follows:— 


Cost of material . 

£ 

20 000 

Cost of labour .. 

6 000 

Factory expenses 

6 000 

Estimated selling expenses .. 

8 000 

Total cost of 1 000 macliines 

40 000 

Total selling price (including 10 per 


cent profit). , 

44 000 

Selling price per machine (including 


10 per cent profit) .«. 

£44 


Now let us consider this same shop working under bad 
management and producing only 600 machines per year, 
and the same shop under a very efficient^management, 
working day and night, producing 2 000 machines per 
year. The table below illustrates very clearly the 
effect of tliis on the possible selling price. It will be 
noted that we get the enormous difference in price of 
60 per cent for the same article. 


Output per Year. 



Under bad 
management. 
500 machines 

Under excellent 
management. 

2 000 machines, 
working day 
and night 


£ 

£ 

Cost of material 

10 000 

40 000 

Cost of labour 

3 000 

12 000 

Extra for night work 

— 

3 000 

Factory expenses .. 

6 000 

6 000 

Extra for night work 

— 

1 500 

Selling expenses 

8 000 

9 000 

Total cost of machines 

27 000 

71 600 

Total selling price (including 
10 per cent profit) 

29 700 

78 660 

Selling price per macliine (in¬ 
cluding 10 per cent profit) , 

£59*4 

£39-326 


These two figures compare with £44 for the factory 
manufacturing 1 000 machines a year. They are com- 
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paxative for a high-class electrical engineering shop, 
where the overhead charges are relatively high due to 
the necei^ity of employing a large staff in the engineering 
and draughting offices and in the selling section. 

This subject can also be Studied from another point 
of view^ namely, that of profit. If we assume that 
the motors have been sold under all conditions at the 
fixed price of £44, the effect of decreased output is 
shown clearly in the following table:— 


Output per Year, 





2 000 
machines 
(working 
day and 
Mght) 


1000 

machines 

500 

^ machines 


& 

£ 

£ 

Cost of material .. 

20 000 

10 000 

40 000 

Cost of labour 

6 000 

3 000 

12 000 

, Extra for night work .. 

— 

— 

3 000 

Factory expenses 

6 000 

6 000 

6 000 

Extra for night work .. 

— 

— 

1 600 

Selling expenses .. 

8 000 

8 000 

8 000 

Total cost of macliines .. 

40 000 

27 000 

71 600 

Total sum received (at £44 

44 000 

22 000 

88 000 

each) 

Loss on working .. 

, - 

6 000 

— 

Profit . 

4 000 


16 600 


From this it will be seer^ that a loss of £5 000 is turned 
into a profit of £16 600, merely by increasing the output, 
this clearly shows the importance of the selling staff 
obtaining orders, and the works staff doing everything 
possible to enable a greater output to be obtained than 
that estisnated for. 

In conclusion, the author would like to urge that the 
principles outlined in this paper can be applied very 
profitably outside the ordinary manufacturing problems. 
For instance, the power station engineer increasing his 
plant can lay out his extension programme to ensure 
that his ord&s are placed at the right time, i.e. neither 
too early nor too late, and tlius avoid :— 

(1) Capital lying idle and plant being delivered before 

it is required. 

(2) Delays in completion (involving capital lying idle 

on account of plant tliat is delivered in time 
waiting for plant that is late). >% 

Further, this will avoid plant being stored in the works 
after the foremen and men have been urged to complete 
it. This, it will be appreciated, has a very bad moral 
effect on all those concerned. 

It will be of interest to know that the author has 
recently returned from a tour of inspection of con¬ 
ditions in American works, where he did not find any 
organization which could improve that outlined in this 
paper for h aTidli-qg a varied product. Further, he found 
that the average manual employee in the United States 
gives a greater output than is generally found here. 
In rixe author's opinion Ihis is a<^ounted for by the 
confidence established there between employer and 


employed. The necessity for* the establishment of such 
confidence in this country and the suitable methods 
for realizing it are emphasized throughout the paper. 

We, as electrical engineers, can certainly take great 
pride in the fact that our efforts have alre^y been of 
very considerable benefit to the community, particularly 
to the working classes, as, for instance, they are now 
able to go to their work by tram at very cheap rates 
and in a very short time, whereas previously they often 
had to walk miles. I think all of us realize that our 
work has only begun and that by proper organization 
in the manufacture of electrical apparatus of every 
description we should lead to the more extended use of 
electricity for heating and power, 

A number of lantern slides will be exhibited showing 
a shop laid out with galleries supplying main centre 
aisles, and a shop laid out to give continuous advancing 
operations on one floor. • 

In conclusion, the author must express his thanks 
to Messrs. The Metropolitan-Vickers Electrical Co. lor 
giving permission to publish so much informa'fiion on 
the running of their Sheffield works. He is also indebted 
to hlr. H. F, Brown and Mr, McMurray for assistance 
in editing proofs during liis absence in America. 


APPENDIX 1. 

Process Specification for Moulding Mica to Pnd Rings 
for Large Rotors. 

Material— Mico, splittings, Grade 4 (area. 2 to 4 square 
inches), shellac varnish (specific gravity 0*930). 

Process, —^The moulding mica shall be cut in sections 
and the part of the mica which is to fit over the tapered 
end of the ring shall have fingers cut to the depth of 

the spigot, , , 

The ring shall be thoroughly cleaned with a doth 
which has been dipped in methylated spirits, and then^ 
wiped dry. A coat of shellac varnish (specific gravity 
0 • 930) is apphed to the ring where the first section 

is to be placed. The moulding mica is then placed on 
a hot-plate and one side is given a coat of shellac 
varnish (specific gravity 0*930). As soon as the section 
is soft enough for moulding it is placed in position on 
the ring and rubbed down with a dry cloth. The end 
with the fingers cut in is to be ironed down with 
iron. All the following segments axe then treated^ in 
exactly the same manner, but when placed in the ring 
the butt joint is made leaving about 1/16-inch clearance * 
between the segments. All the following segments *are 
then placed in the ring in the same manner. 

Four layers of 1/32-inch moulding mica (mica is 
milled 28 to 32 mils) are to be built in the ring in the 
same manner as the first layer, staggering the joints 

"•as each layer is built. , n v ^ 

It is essential that the thickness of mica shall be the 

same in each layer. 

Moulding.— The mouldMs heated in a gas fl^e 
at a temperature of approximately 210® C., and then 
placed in the mould and screwed down tight. At ^e 
‘'same time a cold mould shall be placed on ^ther side 
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of the hot mould, to prevent getting any creases in the 
mica Inhere the edge of the hot mould is pressing. 

This operation is repeated until the whole of the ring 
has l»en moulded, and care should be taken that the 
mould IS not unscrewed untU it has cooled down to a 
temperature between 30^40® C. 

When the above operations are completed a large 
mould made to fit inside the ring is placed in position 
Md shewed down hand-tight by means of clamps. 
The whole is then placed in an oven, the temperature 
rmsed to 160“ C., and baked for 16 hours. As soon as 
tne temperature has reached approximately 90° C. the 
Mg is removed and screwed down as far as possible 
proems ^ complete the baking 

Afta: removal from the oven the ring is allowed to 
^temperature of30-40“ C., before removing 


APPENDIX 2. 

Purchasing Specification for Asbestos Millboard. 

Gewral.—Ti^ specification covers a soft, porous 
rough-surfeced asbestos millboard suitable for^use to 
the manufacture of arc shields, etc. 


Dimensions. Thickness. asbestos miUboard wiJ 
be ordered of a nominal thickness of 0-063 inch witl 
tolerances ±0-01 inch. 

Size of sheets. —Sheets will be supplied to sizes fro« 
3 to 4 feet square. 

PmsA. Stiffness.—-The sheets shaU be su#aciently 
stiff to permit of their being readily handled for the 
pu^c^ of cutting and sawing to any required shape. 

-The . material shall present a rough porous 
surfa^ which will readily permit the penetration o± 
sihcate of soda during process of manufacture into arc 
shields. 

Physical properties. Softening.—Mfhen placed in a 
hot Mlution of commercial silicate of soda (specific 
gravily 1-25 at 20“ C.) and maintained at this tempera¬ 
ture for 1 hour, the sheets must become soft and pliable 
SndSdT^ become pulpy or fall to pieces when 

Ten pieces of asbestos millboard 6 inches 
X 6 mches will be soaked for 1 hour to silicate of soda 
(s^^c gravity 1-26 at 20“ C.) maintained at 86 to 
90 C., a^ wtoch they wiU be placed between metal 
pla^ and subjected to a pressure of 300 lb. per square 
inch and to a temperature of 100“ C. for 3 hours. This 
t«t should produce a hard. soUd piece which when 
^ck with a piece of metal produces the ring of a 
tile or hard brick. 6 * » 


Discussion before The Institution, 18 January. 1923. 


Afc. H. M^sfortfa : I think that to dealing with 
r S' ^be ^rnthor adopts rather too patroniti^ 
an attitude and particularly is this the cie to con- 

^ St« economics. He mentions 

me latter on so many occasions that one is almo<rf- 
driven to the oonduaon that he thinks that it wiD 
anaesthetic on the workman, and that 
workman accepts the employer as a proper teacher 
of economes. I do not think that such the author^ 

^ construction to pu? 

m his paper My eapenence is that when one tMks 
^ononucs with a workman one finds that he is not so 

^ bis o\m views, and one would not get v^ far to 
^^g him this subject as usually mdSod by 
^ployers. ^r mstance. one of the first q^stions 

^^eoatai7“^^ put Would be as follows: 

fa?w ^"^bich consists of labour 

factory ovOThead, and material) toom the selling price’ 
^at is the selling plice ? Ctoe will oftrSfd^toTt 
includes the above componSte 
^ only 60 per cent of the selling price, and i/tS 2 
so cannot savtogs be effected in this direction ? ” 1 
^er point is that to dealing with factoS ^en^ 
labour Itself, to some form or other, is 

2'S P««i“ctive labomf 

7 largest component of the factory cost of 

devpu 

I ooi^der ft, 1. 


se<toons. I refer to the estimating section. The 
author inentions a stoking fund to be derived from a 
piecework effort of the workmen. Whilst the principle 
may be sound, and whilst the author’s vfews therwn 
are undoubtedly so, I think that the method adopted 
°f is rather unfortunate, because it is 

stated tlmt toe fund is solely dependent upon toe 
ortoens efforts. The autoor makes a statement 
about a 33J per cent bonus, and this should, I think, 
be correrted. The fact is that toe agreement between 
the employer and the employee provide* that a man 
of average ability shall be able to—not must—earn 
a bonus of 33J- per cent upon his basic rate, not upon 
m wages. As r^^ards piecework price-setting, I thinir 
that the author has forgotten one fundamental tiling 
o which attention should be drawn, namely, tiiat toe 
agreement which exists between the employer and toe 
^employee is that toe price paid shaU be an agreed 
price, and that all piecework prices shall be subject 
®’^®b agreement and also to mutual negotiatibns. 
Ihe author points out what maditoery will operate 
provid^ toe man is. dissatisfied, but he does not point 
out what the machinery, or organization is which will 
op^te if toe disagreanent continues Mter toe stage to 
which he refers. The ftmetion of tlie table on page 360 
is to exhibit toe influence of output upon cost. I 
^h that the problem w^e as simple as is forf<r-n t ed 
ther^. There are many. additional fectors to be 
considered. In toe first place, tbs author gives a toctory 
■expeme component of £6 OOO. There is no engineering 
amcem, of which. P have my knowledge, working -wito 

-a factor expense component .of , £6 000 s^ciated with 
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a labour component of £20 000. Further, I do not 
know of any concern which can increase its output 
by 100 per cent, i.e. from 1000 to 2 000 units 
per year, without a material increase in its overhead 
charges. The cost of maintenance of the machinery 
isL very *much higher; tlie cost of power also is very 
much higher. Extra lighting and heating are neces¬ 
sary, so that the figure might be quite difierent. 

I admit at once that some advantage would accrue, 
but it would not be as great as the paper seems to 
indicate. As regards works committees, I am in full 
agreement with the author. I entirely sympathize 
with the idea of putting before workmen any fact 
which they can absorb, taking step^ which will help 
them to absorb it and doing anything within reason 
which will make their job more interesting. The 
majority of works committees in this country have failed 
because the employers have not had suf&cient courage 
to give tlie men scope to be operative. They have 
been hedged romid by constitutions. The only efficient 
constitution for a works committee, accortog to my 
experience, provides that the committee is definite^ 
concerned with anything inside the organization wliich 
interferes with its efficient running. The worlcmen 
are entitled to bring up anytliing which, in their opinion, 
interferes with tliat efficient running and to have it 
discussed. Further, they are entitled to bring up any 
grievance. Whether the grievance be real or fancied, 
it is equally ^dangerous and should be removed. If 
that is observed, then a works committee is efficient. 
The author spoke of his visit to the United States and 
of what he saw in the Ford factory. I also have been 
to America recently on a similar trip, and I found that, 
without question, more is produced per unit of labour 
involved, for the reason that the work is better arranged. 
A man l?as always got some job ahead of him. In 
this country generally a man does not see what liis 
next job is going to be, but in the United States the 
feeding of tlie work is better, and so also are the means 
of production. In an engineering organization the 
works can well be separated into two distinct parts : 
(1) the production, and (2) the means of production. 
The ordinary shop staff whose job it is to look after 
labour and to see that it is properly controlled and 
guided should not be made responsible for the means 

of production. . . 

Mr. G, Hurford : The author has stated that it is 
very useful to have one meeting a month with the 
foremen in order to explain the company’s point of^ 
view. I would point out that it is just as important 
that the foremen should be allowed to explain their 
own difficulties, as my experience has shown that they 
nearly always have more troubles and difficulties than 
the management. With regard to the balance sheet 
which the author has brought forward, he says that 
the cost of selling 1 000 motors is exactly the same as 
that of 600 motors, but he only allows another £1 000 
when he sells 2 000. My contention is that the cost of 
selling 600 motdts is not the same as that of 1 000. 
There is naturally a reduction ; dtherwise it would be 
reasonable to assume that it myst cost the same 
amount to sell 2 000 as it does to sell 600, 

Mr. W. F. Higgs : The author refers to the ca 


canny” principle of the worker and shows how this 
can be eliminated by the management. He also says 
that the heads of the factories must be students of 
human nature—pointing out that defects in management 
originate, to a large extent, in the heads of the firm 
rather than in the workmen. He also refers to tlie 
complex articles manufactured. The only way of 
overcoming the difficulty is, I believe, by specialization'. 

I do not consider that the‘electrical industry is special¬ 
ized to the same extent as kindred industries. The 
result is that we have got to specialize and confine our 
energies to a small number of articles. On page 340 
the author says: " This was satisfactory in tlie past 
when competition was not keen and the margins of 
profits were much higher.” I believe that to be a 
fallacy, for the reason that in the past men were only 
competing against men, and to-day we axe doing the 
same. We have additional knowledge certainly, but 
our competitors also have that. The return on 
over a long period is a sure test of organization, ^e 
author has pointed out how his system has consi(55rably 
reduced the cost of production. I had the umque 
opportunity of being with two firms manufacturmg 
same class of article in the same district, employing 
the same class of labour. For years one firm bare y 
struggled along, whilst the other regularly made 60 
per cent profit on its capital, due purely to im^ove 
organization. I agree with the author tha,t sufficient 
attention is not paid to the design of castings. It is 
surprising how much trouble a man wiU cause by adding 
a little projection which in the majority of cases could 
be eliminated or substituted, a core box Ijemg thereby 
saved. With reference to piecework, there is a leadmg 
factory in this country' manufacturing switchgear 
probably one of the biggest factories in the country— 
which now adopts day-work and makes as handsome 
a profit as firms which have adopted piecework. I 
should like to know if the author is really a firm behever 
in piecework. He refers on page 344 to the opera¬ 
tors working piecework and starting on the job before 
the price is known. That is not piecework, and hOTem 
lies some of the difficulty of organization. Clear 
drawings undoubtedly constitute the foundation of 
factory management and works production. I ^ 
convinced that sufficient attention is not given in the 
average electrical factory to this point, paiticularly 
in comparison with the petrol-motor industey. With 
regard to the author’s warning as to the Production 
Department, I consider that tlie latter car^e ea^y 
ov^done. Much of tlie trouble in the 
Department can be eliminated if the Design Department 
refrains from taking 33j per cent of the toe requU^ 
for delivery. No reference is made in the paper to 
the importance of detail on lists of material. When 
the rotary converter to which the author referred is 
nearly ready for test, it is usually not to ^ider cas to g 
or to sheU casting that holds it up, but a trivial matter 
of two or three rivets. Referring to to difierent ra^, 
of pay of men on machin^, I should like to toow to 
autor’s opinion of the suggestion that the basis of 
. piecework should be toe rates instead of money rates. 
'■<» Mr. yftn elm Edgcumbe; I am pleased to sw that 
' the author lays stress on the study of economics. 
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almost look upon this as a more important factor, 
in many ways, than even committees, and so on, in 
bringing about good feeling in the works, because 
however good the feeling on those committees may be, 
there are bound to be occasions when the management 
and the men's representatives do not see eye to eye, 
and it is extraordinarily difficult to put one's case to 
a man who has had no grounding in the fundamental 
common-sense of economics. The better class of man, 
no doubt, has a rough and ready knowledge of the subject, 
but the average man whom one encounters is lament¬ 
ably deficient in this respect. This is doubtless due 
to our modern system of education, rather than to 
any mental failing. I feel sure that it is time the 
question of common-sense economics was taken seriously 
in hand. 

Gowie: Reference is made in the paper 
to the Production Department and to the Process 
Department. These, however, deal with materials, 
and that brings in the Stores Department, which is 
not referred to under the main headings of the paper. 
If the stores have fallen behind, the whole operation 
is delayed. The other point to which I wish to refer 
comes under the heading of design. Due to that a 
works can be stopped altogetlier, because, as I read 
It, included thereunder is the actual electrical or 
mechamcal design and the actual drawing-office work, 
and in some instances of very special items the whole 
of the delivery time can be spent in these two sections. 
It seems to me. that either the Process Department or 
the Progress Department must have some correlation 
with design Ip its truest sense. 

Mr. F. Tremain: I was very gratified to find the 
miportance attached in the paper to the Inspection 
Department, which branch, in a well-conducted works, 
IS becoming more and more recognized. In my capacity 
as inspector for the buying side, during a period of 
about 12 years, I often found opportunities of suggesting 
to manufacturers methods of economy, and, to my 
employers, the introduction of modifications in speci¬ 
fications in future jobs, which would reduce the cost 
—which, of course, the buyer has to pay. I was also 
glad to see that the author referred to the so-called 
finished product" that comes out of our universities. 
It IS deplorable to find so many graduate engineers 
u^ble to get a job. I think it is often because their 
tra^ng m many of the technical colleges is too academic, 
and it should be pointed out to our professors that 
meir curricula as regards engineering training appear 
to requure some modification. 

R. S. ARen: Fig. 1 shows the co-operation 
emeen the various sections of the works managemrait 
but no reference is made to the Purchasing Department! 

I consider that to be a very important section of any 
works, and its absence is indicated in the tables on 
page 360 showing the costs of various numbers of motors,r 
where the author points out that the material per 
machme for 2 000 motors is the same as for 600. It 
se^s to me that the Purdjasing Department should 
getn much lower cost for the larger number. On the 
subject of rate-fixing, the Planning Department fixes 
tte pric e m the early stages, and the foreman of the*' 
department may have both a planing and a milling 


machine, with either of which an operation may be 
done. The price being fixed for the less expensive 
operation, how is the price adjusted for a more expen¬ 
sive ? The fact that a youth may be required to 
do a job wliich was intended for a man, or vice versa, 
also requires adjustment. These are difficulties whioh,* 
I think, militate against the early settlement of prices. 
It is not by way of criticism that I raise these points, 
but merely for information, because in many works 
the price is not fixed before the workman about to do 
the job asks for it. Can the author state the percentage 
of office staff to workmen for the Rate-Fixing, Process 
and Production Departments, as he does for inspectors 
on page 348 ? 'Jhe sinking fund for unemployment is 
a very admirable conception, but I think that there 
would be a good deal of difficulty in applying it. M’ill 
the individual who is fortunate enough to earn a super¬ 
bonus benefit entirely by his work, or will he help to 
support those who are not so fortunate ? On the 
subject of ca' canny," the workman is only following 
the lead set by the employer. If work is not coming 
in as it should do, and there appears to be only one 
or two months' work ahead, men are discharged to 
spread the work over a longer period. This example 
is followed by the men in order to avoid being discharged. 
1 hat is the situation for which I can suggest no remcd 5 ^ 
Until men understand why it is necessary for the em¬ 
ployer to follow the course he does, due tp the immense 
difficulty in re-starting a works once closed, they will, 
I suppose, continue their present practice. On the 
subject of inspection, I would ask the author whether 
the inspectors overlook a man while he is doing his 
work, say while he is operating on the first few articles, 
or whether they wait until a batch is completed and 
therefore possibly have to condemn the lot rather than 
a few, ** 

Major H. Brown : Is the Institution aware that 
during the past 5 or 6 years there has been a very 
appreciable falling off in the faciUties for technical 
education that are open to workmen ? In 1918 the 
Board of Education decided to abandon ^the examina¬ 
tions in science that they previously had held, and 
shortly after that the City and Guilds of London 
Institute followed suit as regards technical subjects. 
.With the exception of examinations in Telegraphy 
and Telephony, Gas Engineering and, I believe. Electric 
Wiring, wliich are continued by special request, the 
City and Guilds Examinations have ceased. That 
qneans that the better class of workman is now unable 
to produce satisfactory evidence of education bevond 
rile standard of the ordinary council school. There 
is now no widely, recognized technical examining 
authority in this country between the ordinaxy council 
schools and the universities. This is a serious dis¬ 
couragement to the more ambitious workman, and I 
wonder whether the author has done anything in his 
works to fill that gap. 

Mr. H, W. Richardson : I cordially agree with 
what the author has^ said in regard '"to education. I 
also agree to some extent ivith what Mr. Mensforth 
has said about som^ workmen not being quite so blind 
to economics as might seem to be the case at first 
glance. Usually, however, thfere are some eight or 
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ten stock questions which 90 per cent of workmen put, 
these having been drilled “to them by We umon 
agitators. With reference to Mr. Mensforths pomt 
about 60 per cent of the selling price of goods bemg 
absorbed by works costs and the other 60 per “nt 
being regarded by the workmen as profit, I think it 
is possible to make the majority of workmen realize 
tli^ such things as distribution costs are essentaal 
and that these are bound to account for a proportion 
of what at first sight seems to them to be profit. In 
the main there is room for a great deal of improvement 
in the methods of attempting to give a real grasp of 
die fundamentals of economics to working men. 1 do 
not tliink that a great deal of educational work w likely 
to be done by means of lectures. More can be done 
by individual efiort, and it is the duty of those who 
do get opportunities of speaking to the workmen from 
time to time to do some real “ spade work.’’ We shou d 
endeavour to show tliem what increased production 
and the lowering of costs really mean; graphic^ work 
will be of considerable assistance. In Fig. 1 
ing ” appears to be rather isolated, and I feel that an 
additional line should be drawn on the diagram con¬ 
necting it with "Production." In the same way 
" Designing ’’ might be joined to “ Process, so tha 
the former would be linked to other departments as the 
author really intends it should be. In regmd to co¬ 
operation, the meetings between the heads of the 
departments aid others must be regular; it is no use 
having more or less casual meetings. There should 
also be firm agenda on which the discussions can be 
based. A previous speaker mentioned the importance 
of the Buying Department; closely lilted with this 
is the store*. The importance of having these pro¬ 
perly out, with easy exits and entrances, cannot 
be over-eStimated. In some works the stores are 
situated behind a pigeon-hole, the men having to form 
up in a queue and wait, thus involving a great deal of 
loss. As much space as possible should be devoted to 
the stores, which should be in very close touch ^th 
the Production and Process Departments, particularly 
tlie former, so that sufficient notice may be given ^ 
to the material required. The transport within a works 
affects production tremendously. Of late years a 
certain amount has been done with electric trucks. 
These are somewhat cumbrous in appearance but v^y 
mobile. There is nothing more annoying for a worker 
tban to find, after a particular piece of material for 
which he has been waiting has been brought on a a 
hand-truck, that he cannot get it on to his madune 
because the overhead crane is employed elsevmere. 
In a shop fitted with smaU auxiliary runways of 
large radius any delay of that kind is obviated. There 
is also the question of the arrangement of machines m 
the workshop, which is very important. The groupmg 
together of too many machines of one class does not 
tend to efficiency. I think that the best method is 


for performing thS complete series of operations requrred 
upon the parts to he dealt with.* Then, with the aid 
of two or three of the auxiliary ijinways referred to 
above, a given part can be machined from start to 
finish with a minimum of handling. 


Mr. W. E. Bumand: I can hardly agree with the 
author's remark on page 340, that " the time is past 
when a technical business can be run by one man. 

If he had said that possibly the days of such busine.^es 
are numbered, I might be more inclined to ^gree, but 
I should not predict the number of days still left for 
them. In every case, success in running either a 
big business or a small business depends upon a realiza¬ 
tion and an efficient utilization of the possibilities of 
the particular business, and even more so upon a 
realization of its limitations. To attempt to run a 
small business on the lines of a large one very quickly 
results in disaster; and, similarly, to attempt to run 
a large business on the lines of a small one results m 
chaos. It would not be possible for me to make 
machines in a small shop to-day and sell th^i at a 
profit, as I am doing, if the larger works were efficiently 
run and organized. The fact is that even 4hese larger 
works are in only an incomplete state of development, 
with many of the handicaps of the small concern as 
well as the high costs of a large concern, wdthoub sum- 
cient output to carry these costs unless they are exces¬ 
sive per machine. Until more efficient standardiza- 
tion is adopted and a large-scale grouping of mann- 
factnring interests effected, making real qnantity 
production possible, electrical mannfacturing only 
maVA slow progress through its present awkw^d stage. 
In this connection Table 2 is striking, as showing piece¬ 
work time based on one article in a large works, ^d 
Table 5 gives a good idea of the amount of time “ken 
to obtain material which, howevCT, should be a steaay 
flow not identified witk any particular orijler on reauy 
large-scale production. I believe Table 6 to Jie on 
sound lines with the present quantities, and tha^ as 
stated by a former speaker, Americans owe “ 

their success to the fact that they plan ahead farther 
fhan we do. I entirely agree with the author as to 
the value of detailed production and process 
Whilst feeling inclined to critidze a number of figures 
in the tables on pages 350 and 361, taking them as a 
whole I do not think that they are really such a long 
way out as might appear on a casual inspection o 
isolated items. One has to judge a system by the 
results, and the fact that the author is decreasing toe 
work in progress from 7 to months is, I tbmk, sn - 
dent proof that the system is a good one. iabie j 
affords another illustration of the value of a good to 
factor. On one of the sUdto shown during the meeting 
I noticed that the speed of drills was expressed ,in 
revs, per minute. I would suggest the follov^g as 
an improvement. On each drilling machine I 
card with speeds not specified in revs, per n^nte, bot 
in certain nbtches—1, 2, 3 or 4r-as corrert for hol^ 
of various sizes in different materials. Ihns, n a 
man is drilling a | in. hole he should use, f’ 

Jbut this is not compulsory. I simply say: J-ha 
the right speed for average material," and a man can 
use that speed or not, hut if he is on another speed 
want to know the reason;, and very often “ere is a 
sound reason, such as hard niaterial, or ^ep 

of hole, both of which have a v^ great influence on 
i.the speed and feed for efficient dr illin g. , . ^ t 

Mr. P. M. Baker {communicated) : The subject ot 
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the paper—production on a sound economic basis—is 
one of the greatest importance; it is in fact vital to 
our economic life. It is, at the same time, a side of 
their work to which engineers and managers rarely 
seem to ^.ttach sufficient importance. As emphasizing 
this point I will call the attention of members to the 
recent articles by Lord Weir (Times, 13 January) and Lord 
Milner (Observer, 14 January, et seq.) and to the speeches 
of the Rt. Hon. R. McKenna at the annual general 
meeting of the London, City and Midland Bank, perusal 
of which will help us to clarify our ideas on the subject. 
The author bases his paper, as I read it, on a premise 
that we can only retrieve our position in the manu¬ 
facturing world by adopting every possible means for 
securing cheap and efficient production—a proposition 
which is so abundantly proved that one marvels at the 
view escaping any thinking man. It is far from being 
generally appreciated that economic laws are just as 
mexorable as ph3^ical laws* and that legislative tinker- 
fng in economic matters, such as the fixing of rates, 
early^-closing of shops, etc., can only restrict trade; 
they cannot alter its economic basis. I am generally in 
agreement with the author's statements, but there 
are two points to which I should like to refer. First, 

I am very doubtful whether anyone connected with the 
management will be able to lecture very convincingly 
on economics to the trade unionist. Labour has its 
own views on economics, truly narrow and short-sighted 
in most cases, but honestly held and thoroughly believed 
in by the rank and file. The Communist Party realizes 
how difficult is the task of converting the adult, and 
holds Sunda;y Schools for the education of young Com¬ 
munists, and it is the bounden duty of the saner part 
of the comniunity to combat this by teaching the 
elements of citizenship to the youngsters in the shops 
or indeed before they leave school. Secondly, while 
agreemg with the author, in the main, I should like to 
go farther than he in this direction. The training of 
boys for industry should have two aims:— (a) To 
convert the boy into an efficient workman, training 
hand and eye to perform operations quickly and 
accurately with the least possible effort, and at the 
same time offering him technical education oppor¬ 
tunities wMch will lead to his advancement to the 
high^t position his ability justifies ; and (&) so to train 
his thinking and reasoning capacity and to give him 
such knowledge of affairs and men that life will not 
become the humdrum, drab existence towards. which 
^.these days of automatic and semi-automatic machines 
It is gravitating : in short, to teach him to live It is 
suipnsmg how much can be done and in- what a short 
^ <iirections if the work is entrusted to the 
right type of man, without which it is virtually useless 
if not even haraf ul. The author deals with the more 

c I should 

like to see the effiaency of the men increased by thfiK 
adoption of improved methods of actuaUy tr4iiiig 
umrtoen, whether in special factories (as I think 

^ suitable 

■ ® shops themselves. (See my 

1^2 ) ^ Educational Supplement, 19 August, 

Mr* P^ttifoi: (communicated): I agree with 


the author that all possible steps should be taken tp 
mitigate the dread of unemployment which, especially 
in times of trade depression, is a very real factor in 
reducing the efficiency of a workman, but I consider 
that an unemployment scheme would be more equitable 
if run by the electrical engineering industry as a whole 
rather than by isolated firms. Referring to the pur¬ 
chasing specifications, the use and issue of these should 
be carefully considered in each case. In my experience 
the use of such specifications has, in some cases, caused 
the cost of goods supplied to be unnecessairily high. 
Where everyday commercial products can be used, 
such specifications are not necessary, 

Mr* G. H. Nelson (in reply) : Referring to Mr. 
Mensforth's remarks regarding labour's knowledge of 
economics, there was no intention on my part of patron¬ 
izing labour; on the contrary, I am anxious to encourage 
them to study economic questions and 1 still adhere to 
the contention in the paper that the majority of the 
workers have little or no knowledge of economics. 
This was particularly emphasized when one of the leading 
members of my works committee (who is also a member 
of one of the branches of the A.E.U.) passed a remark 
once at an open meeting that one could not have 
prosperity without war," I agree with Mr. Mensforth’s 
remarks that the proportion of labour in the cost of the 
product is often the smallest item, and I also agree 
that many factories pay more attention to the examina¬ 
tion of the labour cost than to the other components; 

I therefore fully .support his recommendation that 
equal attention be given tcf all sections. In regard to 
the estimating section, this is a part of the Mechanical 
Process and Rate-Fixing Department. I agree with 
his remark that a man of average ability {^hould be able 
to earn 33^ per cent bonus upon his basic rate and 
not upon his wages. This was not. made clear in *the 
paper. With regard to the fundamental basis of piece¬ 
work that prices must be the subjept of agreement 
and mutual negotiations," this has been overcome in 
my case by arranging with the works committee to 
accept the principle and basis on which these prices are 
fixed. So far we have not come across any cases 
where disagreement exists beyond the point outlined 
in the paper. ^ If one should arise it is referred to the 
management, in accordance with the general principle 
upon which the works are run, and, as demonstration 
is provided for, it is not likely to go beyond this stage 
in a properly managed works. 

Mr. Mensforth and other speakers referred to the 
example given of the effect of increase of production on 
actual cost of an article. I will therefore deal with the 
point at this stage. In regard to Mr. Mensforth's 
remark that the factory expenses go up considerably 
more than the 26 per cent shown in the paper when 
^e output is doubled, I quite agree with him there, but 
iff the example given in the paper he has apparently 
overlooked the fact that a certain item of £3 000 for 
extra night work is shown separately instead of being 
included in the factory expenses, as itffiay be in certain 
cases. The factory" expense in the example of the 
doubled output is ^therefore 75 per cent on labour, as 
against 100 per cent with the. previous output. In 
examining the figures of the factory with which X am 
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associated I find that the figure is more like 66 per cent, 
including overtime allowances. 

With reference to Mr. Hnrford’s point in connection 
with selling expenses, although I do not discuss this 
question in the paper, I would say that from general 
experience one often finds that, with a small sale, 
selling expenses go up due to the extra efiort that has 
to be put forward to endeavour to increase sales. 

I entirely agree with Mr. Mensforth^s remarks on 
works committees emphasizing the fact that where 
these committees have failed it has been largely due to 
the lack of the right sort of leadership by the employer ; 
his recommendation as to the constitution of the works 
committee coincides with my opinion. In regard to 
his suggestions in connection with engiiJeering organiza¬ 
tions, namely (1) production, (2) means of production, 

I think the two distinct parts recommended by him 
are fully covered in the paper. 

With regard to Mr. Hurford*s remarks ire foremen’s I 
meetings, the foremen are encouraged to speak of their 
difficulties and the solutions suggested. 

Replying to Mr. Higgs,. I entirely agree with his 
recommendation of standardizing and specializing. 
Unfortunately, however, manufacturers in this country 
do not co-operate so as to compel the purchaser to accept 
a standard article, but rather, in order to make sure 
of effecting a sale, will often promise the customer 
anything. With regard to his question on piecework, 

I am a firm believer in piecework, because if day-work 
is standardized the best worker slows down to the speed 
of the slowest and special« efforts are then necess^y 
to increase the output of the factory by eliminating 
the slow workers, whereas in piecework the willing 
worker is on Jiis own merits and can make as much as 
he likes, and therefore is not affected psychologically. 
In regard to his query about the basis of piecework, I 
am of the opinion that this should be time and not 
money, as this really is the basis of all calculations by 
the Rate-F.ixingi>epartment and the men in the shop. 
Concerning his remarks re the importance of detail on 
lists of material, it is the business of the Production 
Department tobbtain the whole of the material, including 
detail parts. 

Mr. Cowie asks for further information in connection 
with the Stores and Designing Departments. The 
Stores Department should come under the control of 
the Production Department, who are responsible for 
the fixing of all ordering levels and quantities and seeing 
that the material is there when required. The Produc¬ 
tion pepartment is also responsible for laying out the 
programme for the Design Department, i.e. the dates 
when drawings of various parts are required, and to 
see that these dates are kept. 

Mr. Allen’s remarks regarding the Purchasing Depart¬ 
ment are dealt with in my reply to Mr. Cowie. Referring 
to Mr. Allen’s question re the arrangements that are 
made when operations in the shop are done in a different 
way from that laid down by the Process Department, 
this is taken care of by the time-study man in the shop. 
If the foreman is compelled to make a change in the 
process of operation for some reason ot other, he obtains 
the services of the time-study man, who refixes the price 
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for the new condition. This is referred to on page 344 
of the paper as follows or owing to the best 

machine for the operation not being available, then an 
additional piecework time fixed by the time-study man 
is allowed for the job, covering the excess time involved 
only.” Mr. Allen aslcs for the percentage of oface staff 
to workmen in the Rate-Fixing, Process and Production 
Departments. These are as follows: 

Percentage of Percentage of 

Department Factory Cost Productive Payroll 

Production .. 

Technical and Mechanical 
Process Depts. 

Inspection and Testing 

Referring to the sinking fund for unemployment, my idea 
is that each man should benefit by his own effort, and it 
should not be pooled. In connection with Mr. Allen’s 
remarks regarding inspectors, in the works which I 
control, the inspectors are overlooking the men’s work 
throughout the operations in the machine and on thS 
floor, and every part is not taken.to the inspecto?* at a 

bench. . . , , 

Major Brown raises the question of technical education. 

I may say that we have done all we can to improve the 
technical knowledge of our employees, but efforts in 
this direction are chiefly applied to the apprentices. 

With regard to Mr. Richardson s remark about 
connecting up ” Designing Department” with Produc¬ 
tion ” and ” Designing ” with ” Process in Fig. 1, 
naturally these departments co-operate very closely 
together, but I thought it unwise to make the diagram 
complicated by drawing and connecting^ up all the 
departments separately instead of showing them 
connected through the works management. The mere 
fact that they are shown connected through the latter, 
means that they should all co-operate and work together. 
With regard to the que^ion of transport, this is generally 
under the control of the works superintendent. Al¬ 
though it is very important, I did not feel it necessary 
to describe the details. The question of keeping trans¬ 
port down to a minimum was very carefully considered 
in fixing the shop lay-out. 

I entirely agree with Mr. Burnand’s remarks regardmg 
the running of a small business, and whereas all the detail 
which is necessary in a large business would be ruinous 
to a small one, at the same time I suggest that the same 
general principles should apply. I also agree with his 
point re efficient standardization. I th^k Mr. Bumand 
» for his suggestion that speeds of drills might be expressed 
in notches on the machine. 

Referring to Mr. Baker’s communication, I am very 
pleased to have the opportunity of supporting Ms 
contention that every effort should be made to combat the 
efforts of the Communist party, particularly its activities 
in the direction of proletarian Sunday Schools. We 
in our works have endeavoured to meet this by lectures 
to our boys in working hours, but a great deal more must 
be done. There are many sound thintog men givmg 
their time to countering the Communists. The ba^s 
of the whole matter, as mentioned by Mr. Baker, is the 
teaching of the elements of citizenship and sportsm^- 

slaip. After all no real sportsman can be a Communist. 

' ' ' 
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North-Western Centre, at Manchester, 23 January, 1923. 


Mr. W. J. Medlyn : With the intensive development 
of industry and the mechanical aids to industry, 
scientific management is a subject of increasing 
importance, because where large numbers of men are 
employed the opportunities and possibilities of waste 
due to misdirected effort and lack of co-ordination or 
co-operation between the different departments are 
correspondingly great. One writer has stated that 
** the efficient utilization of labour will often overcome 
the handicap of poor equipment, and an engineer can 
have no greater asset than the aptitude to handle labour 
efficiently.^' This view agrees with one of the points 
made in the paper. I am not speaking with experience of 
ordinary industrial works, but in the South Lancashire 
District of the Post Office Engineering Department 
we have close on 2 000 workmen employed in the 
construction and maintenance of telephone and tele¬ 
graph plant, and in a matter of this kind, although 
we are a Government Department, we are subject to 
the same economic laws and conditions which apply 
to a private industrial undertaking. We have a system 
of costing as regards the number of units of plant of 
various kinds which are constructed or maintained, 
but the organization required in a factory would not 
be applicable to our workmen, who generally have to 
be employed in more or less isolated small groups over 
a relatively wide area. It may be matter of common 
interest to mention that it was our practice some years 
ago to show these labour costs in terms of money 
values. The arrangement worked quite satisfactorily 
when the labour rates of pay remained fairly constant 
over a long period of time; but, following upon the 
outbreak of war, the rates fluctuated so much that it 
became impracticable to compare costs on that basis 
from year to year or over a number of years. J have 
no doubt that that condition would also apply generallv 
to ordinaiy works management. The author stated 
that his firm's present practice is to use the m^-hour 
basis of comparison. We overcame our difficulty in 
ttie same way; that is, our operations are now measured 
in terms of man-hours as well as moriey values. The 
author has referred to the advantages gained by a 
system of vocational training of workmen. In the 
Post Office we have this system in practice to a con¬ 
siderable extent, in co-operation with the local 
j?ducational authorities. Evening classes ^re formed^ 
and the student normally attends twice a week. One 
evening is devoted to the teaching of the elementary 
theory of the subject, and the second evening to the 
teachmg of the correct method of carr 3 dng out the 
practical work on which the student is normally 
employed. The students attend in their own time, 
but their railway fares (or tram fares) and class f^s 
are paid by the Post Office. We have had these classes 
runnmg successfully in Manchester and Liverpool, as 
well as in other parts of ^e country, for several years 
past. Taking the figures ior the whole of the country, 

1 364 students attended the classes during the session 
1921-22, and 629, i.e. about 60 per cent, were award^-d 
proficiency certificates. The cost was £1 3s. 6d. per 


student. In connection with the extension of our 
underground cable system we have required large 
numbers of cable jointers, and, as the ordinary step- 
by-step advancement was not rapid enough for *this 
special requirement, we met the want by establishing 
jointing classes which the men attended in the 
department's time. In addition, pamphlets of an 
elementary and practical character covering every 
phase of the technical work carried out by the depart¬ 
ment have been printed, and such of those pamphlets 
as have a bearing upon a man's work are issued to him 
free of chargd^; 67 of these booklets, dealing with 
different subjects, have been issued, and altogether 
soine thousands of copies have been distributed. It 
is interesting to note that those pamphlets are, in 
principle, somewhat similar to the works spe^fications 
which the author has explained. The pamphlets tell 
the man exactly what is the proper way of carrying 
but his work. Of course they are not quite so simple 
as the charts that were put upon the screen, but the 
principle is, I think, just the same. The drafting of 
these pamphlets was initiated by the Engineer-in- 
Chief of the Post Office at the end of the war. He 
called for volunteers among the members of tbe super¬ 
vising staff who were experts in the various subjects; 
and, as a result of co-operative efforf, the great bulk 
of the work was completed in about a year. 

Mr. G. E. Bailey : Tflie author has pointed out 
that, if we are to meet the world competition, it is 
necessary that all sections of an industrial organization 
should co-operate, I should like to gp further and 
say that the firms should co-operate more tban they 
do at the present time ; in fact, they should do what 
they did during the war. Generally speaking, I agree 
ydth the author's views put forward in the paper. I 
recently attended a meeting where Mr, Brownlie, 
Chairman of the Amalgamated Engineers' Union, 
admitted that " ca' canny " was quite prevalent and that 
he himself had practised it. He went off to demonstrate 
that this was justified, and to point out to the 
erhployers that the renaedy was largely in their own 
hands. In his opinion the chief cause was the work¬ 
man's fear of unemployment. The author has put 
forward a scheme for dealing with this which has many 
good features, but I cannot say that it is going to meet 
the whole of the trouble. In the first place, his plan 
appears to depend absolutely on the super-honus. 
Now it is common knowledge that generally (excluding 
special periods of unemployment such as we have now) 
the unemployed are the. inefficient workers ; so that, 
unfortunately, these people would not have been able 
to contribute towards the unemployment fund. 
Unless super-bonus went into a pool I do nbt quite 
see how the inefficient would benefit. I think that 
there is probably a lot to be gained by unemployment 
insurance by industry. This has-been discussed by 
the Employers' Federation and it has been discussed 
by the unions, ^d 1 hope that shortly a concrete 
scheme will be put before us. I appreciate that it is 
a very difficult subject and the chief point will be. 
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that whilst it enables a man to maintain bis efficiency 
during unemployment it must also guard against 
malingering. The author points out the importance 
of co-operation between the drawing office and the 
works. I absolutely agree with that and I should like 
to go further. He referred to the effect upon manu- 
fac^iring costs produced by lack of co-operation 
between these departments. Later on, unconsciously, 
he gave a very good lead. He pointed out in the 
production chart that the only unknown quantity was 
the first stage—obtaining the material. Obviously 
the obtaining of material depends to a great extent 
upon when it is ordered, and here I think is a clue 
which can be enlarged upon. Lack of co-operation 
between these two departments will result in informa¬ 
tion being supplied to the shops late, in the wrong 
sequence and intermittently and will, in turn, be 
responsible for late deliveries and increased work in 
progress. In connection with the foremen's meetings 
I should like to bring this out, that one of the chief 
advantages of these meetings is that the superintendent 
or the works manager gets the whole of. his team 
together; he has representatives of every class of 
labour, and they sit down and discuss amongst them¬ 
selves their own particular troubles—^production, rate¬ 
fixing, labour questions, in fact everything that affects 
the efficiency of the workshop. In this way each 
department can compete, in a friendly way, with other 
departments for the purpose of obtaining the highe.st | 
efficiency. In connection with rate-fixing, the author 
pointed out that all rates*' were fixed in the office. 
That is quite right for repetition work, but in a general 
shop it is impossible. I take it that in such a case 
the rate-fixer Vould fix prices in the workshop. There 
again he must satisfy himself that the methods a.vail- 
able are tlife very best. If not, he should take it up 
at once with the other section, the Process Department, 
and have the joj) processed with a view to improving 
the efficiency and cutting down the cost.of manufacture. 
On production I agree with the author except that 
I think he does not emphasize quite sufficiently that 
the improvemdht of any system of production depends 
absolutely upon the personal element. It depends 
upon the various departments and members of the 
staff honouring promises which they have made. Now, 
many systems can be evolved, many equally good, 
but all will fail vdthout this co-operation and 
honouring of promises. Inspection generally is looked 
upon as seeing that the very best job is sent out, but 
1 do,not think that that is exactly the case. As a 
matter of fact the Inspection Department could some¬ 
times save a lot of money by seeing tliat too good a 
job is not sent out. That may sound paradoxical, but 
the works must be run on commercial lines. As a 
matter of fact one of the chief reasons for the adoption 
of a limit system is that a man may not put too good 
a finish upon a particular job. He works to the limit 
that the designer fixes, based on his knowledge of what 
class of finish is neeessary. If a 0 • 010-inchlimit is good 
enough, it is waste of money for* a workman to get 
down to d-001 inch. That is where the inspector 
often comes in. Having agreed with the author on 
a good many things I am how going to disagree with 


him. He showed a chart illustrating how profits can 
be increased by 400 per cent. It is a very attractive 
scheme and I agree with the result, but I do not accept 
the methods of arriving at it. He did not explain 
the chart on the screen in the same way that he does 
in the paper. In the latter he compares moderate 
management in the worlcshop, bad management in 
the workshop, and efficient management in the work¬ 
shop ; but the total result, of course, is a combination 
of the whole work of the whole staff including the 
salesmen. I think that this is really meant by 
the author as a sort of camouflage bouquet for the 
Sales Department, because he demonstrates that the 
whole of the results obta.med are due to the salesmen. 

I find that in the case of the 2 000-motor output the 
factory cost is £31 6s. and in the case of the 1 000 
output it is only £32, so that there is only a difference 
of 16s. between the two shops. "When w'e compare 
the final result it is £39 against £44, and the majoritjr 
of that is made by the salesman, who sells 2 000 motors 
for £9 000 while the other sells only 1 000 for £D 000. 

I agree with the results, but in the way they are shown 
the whole of the blame is put on the shop as usual. ^ 
Mr. L. H. A, Carr: Before dealing in detail with 
specific points mentioned in the paper I would suggest 
that, taking the subject generally, one part of the 
question has not really been dealt with, namely, the 
question of works of medium or small size, of which 
there is quite a number in this country. In a works 
turning out a couple of thousand machines a year, 
say about 60 000 h.p., or even in a smaller works, it 
is probably impossible to use in its full extent a systein 
such as that outlined in the paper. Such works need 
much more simplified systems. To take a sin^e 
example, some reasons why they cannot go in^ for the 
Hollerith system were given in Mr. Lawrence’s paper 
before the North-Western Students’ Section last winter. 

A small firm has one or two advantages which are lost 
in a large qne. It is much easier to keep track of 
things, and also it is easier to bring the designers well 
into contact with, and more into a position of 
responsibility for, the various technical processes that 
have to be dealt with, the buying of materials, etc. 
That this lack of contact has been, found to be a 
difficulty in large firms can be inferred from the fact 
that the author has so largely brought oiit tte 
necessity for co-operation between the experts m the 
vanous departments concerned. But in any case 
M the designer must have a good knowled.ge of all the 
technical processes and of the materials used. The 
excellence of a designer may, perhaps, be descn^ 
as the amount which he knows of the^e other experfe 
jobs so that he is able to go the right way to meet 
them: In Fig. 1 several lines of co-operation are 
omitted. Perhaps that was in order not to make the 
diagram unwieldy, but the Technical Process Depart- 
ment and the Inspection Department must both work 
in co-operation mth the designer. Another 
which has scarcely been d^alt wdth in the paper, but 
has rather been taken for granted, is the important 
of the goods being right. It is no use having a worls 
where things can be ihahnfactdred beautifuUy and 
• Jcmrml I.E.E.,- 1923, vot 81, p. 62. 
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cheaply and salesmen who can sell them, if the job 
is not right when it is done. .Although the author 
has mentioned spme of the attributes which he thinks 
a works manager shoijld possess, he appears to have 
taken it^ for granted that the designer is absolutely 
perfect. In costing, an important point which has to 
be watched is the accuracy with which the work-people 
in the shop book their time on the right job. Inaccuracy 
in that respect has in the past caused trouble in working 
out a good many costs. It is essential that the men 
in the shop should put the costs down to the right job, 
because that is really the foundation of the costing 
system. If that is not done no cost system can give 
correct results. The author has given us a case where 
a bracket was improved by co-operation. Personally 
I am inclined to say that the designer was to a large 
extent responsible for turning out a poor design. If, 
he did not know- what w'as the best design it was his 
business to find out by co-operation. Such faults 
may be overcome to a certain extent by utilizing 
better-class men, and the whole question of what 
quality of engineers and draughtsmen are used for 
certain jobs is mixed up with this question. If all 
engineers and draughtsmen w^ere perfect there would 
not be nearly so many, troubles, but the majority are 
not perfect. Possibly salaries are not sufficient. One 
cannot always afford to put the best class of man on 
some of the smaller worky and in design offices it would 
appear to be necessary to balance the amount that can 
be spent on the staff against the cost of the mistakes 
which a less-skilled staff will make. In regard to 
the question of committees it must not be overlooked 
that whatever committees are formed, they must be 
set up in such a fashion as not to destroy responsibility. 
Responsibility for any job must still be kept in the 
r^ht place. On page 341 the author has said: 

“ Success depends largely on one's executive acumen, 
initiative and ability to co-operate.'' I would add that, 
in addition, hard work is absolutely necessary. With 
regard to the accusation that the designer sometimes 
fails to give to the w'orks full information by the date 
required by the Production Department, that is very 
often the customer's fault. I would suggest to 
members who may have to influence orders, or are 
coASulted with regard to orders, that they can get 
.much better service if they will give all the necessary 
information when the order is placed. The type of 
thing I have in mind is the case where a consulting 
engineer will not settle what cables he is going to have , 
until the job is nearlji^ finished, his attitude being: 

“ It does not matter, the terminal box is the last bit 
which will be put on the machine," It does matter. 

It holds up the whole business, tlie drawing office 
cannot complete their part of the work, neither can 
those responsible for ordering the material. I think 
that probably those outside manufacturers' wor^;;? 
cannot have any conception of the extra work and 
worry on their particular orders if information is held 
back like that. The lay-out of the shop has not been 
^cussed in the paper? Needless to say, it is of great 
importance. Further,^ however well the shop may 
be laid out wli®ti it is first built, extensions and 
alterations are a^ost bound to take place afterwards. 


It is to be regretted that this question has not been 
dealt with in the paper. The author has not dealt 
with the difficulty of arranging that the work which 
comes into the shop does not include too high a pro¬ 
portion of machines of a particular type. For 
example, a large machine tool may be sufficient to deal 
in a year with an average year's work. But sup{)ose 
all the orders necessitating the use of that machine tool 
are not spread over the whple year, but happen to be re¬ 
ceived in a single month ; would the tool be sufficient ? 

Mr. A. B. Mallinson : To my mind the personal 
element is one of the most important factors in the 
whole thing, and I think that in Fig. 3 the author 
has unconsciously shown a very clear example of the 
personal element as it exists. That figure shows four 
curves, and we find in each a drop in production for 
. July. That, I think we can assum,e, is due to holiday 
stoppages. The surprising thing, however, is that the 
dotted line showing the rejects is practically steady. 
There we have got the personal element. The amount 
of work coming before the tester has decreased; 
therefore he inspects rather more thoroughl}’- and the 
result is a straight line. Another point that I have 
come up against very often, and upon which manu¬ 
facturers feel very strongly, has only been casually 
mentioned in the paper. When we have got a job 
completed we want to get it out of the works at once. 
Do not let the worlonan see it standing about for some 
time if he has been told that it was waiited in a hurry. 
During all the time that the job is going through there 
is need for co-operation •between the salesman and 
those who are working to get the job completed in a 
promised number of weeks. I would emphasize the 
great importance of good feeling between master and 
men, and particularly between every department of 
staff. As the author has pointed out intone of the 
slides, it is the saving on the whole job that tells at 
the finish. Although the amount may be very small 
in each individual operation, they all count up in the 
end, and it is that which enables the seller to influence 
the customer and secure the order. 

Mr. R. Townend : Having had some experience of 
the actual working of the system of works production 
described in the paper, I can agree with the author 
as to its advantages, but of course the. extent to which 
it can be adopted depends largely upon the size of 
the factory, I fully agree that the closest co-operation 
is necessary between the engineering department, 
drawing office and shops, if economical production is 
to be obtained, and the lack of- this co-operation is 
illustrated by the example of the motor end-bracket 
mentioned by the author. It would appear at first 
sight that the responsibility for the.complicated design 
rested upon the draughtsman, but I consider the' 
pattern-maker to be even more to blame. The 
former did not appreciate that the design -v^^as compli¬ 
cated, but the latter toew that it was, and ought 
to have talcen steps to have liie design simplified. 
Whilst I agree that in the case of complicated designs 
it is necessary that these should be considered at a 
meeting of the designer and manufacturer,, it would be 
quite impossible to apply .this to each , part of a piece 
of apparatus, as advocated by. the author. 
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Mr. T. E. Herbert; Some ten years ago I sub¬ 
mitted a paper on scientific management to the 
Institution of Post Office Electrical Engineers and 
the time which has lapsed has confirmed my opinion, 
for what it is worth, that the basic principles are 
unassailable. The present paper may be described, 

I think, as a description of the author’s methods of 
applying scientific management to his works’ proble^. 
Taking a really broad view of the subject, I thmk 
he has laid down a few fundamental propositions which. 

If carried into effect, will produce the organization he 
has described. Such fundamental principles seem to 
ipe to be those of Dr. Taylor. First of all. functio^ 
organization, secondly, process instructions, which 
obviously involve time and motion stfidy, and thirdly 
the time-table. I should imagine that the time-table 
is one of the most important things; so far as my 
problems are concerned it is undoubtedly so. The 
main object I take it is to obtain the maximum residts 
with the least effort, which is merely another definition 
of efficiency, or alternatively the elimnation of waste. 
The human element of the problem is rightly stressed, 
and the absolute necessity of obtaining full co¬ 
operation is appreciated. It seems to me that the 
human element is dealt with by a system of paymrat 
by results, and an endeavour to eliminate suspimon 
by dealing quite openly and quite fairly with the worker, 
but I would venture at this point to offer a word of 
friendly criticism. I am disposed to think some of 
the author’s introductory remarks are of somewhat 
doubtful validity, and tiiat.tiie argument should have 
been carried a good deal further or he should merdy 
have taken his stand upon getting results wi^ the 
minimum of effort, in other words on ^e attainment 
of efficiency.* For eimmple, some of his remark are 
in conflict ■with the teaching of the Manchester Schwl 
of Economics in regard to buying in the cheapest market 
and selling in the dearest. If that principle, so stated, 
is sound the w<Jrker ought to give as httle ^ he dare 
for as much as he can possibly exact. Either bott 
those propositions are sound or they are both unsound. 

I do not propsse to carry that point any further, but 
I would say that the fascination of the fundamental 
idea of Taylor’s system to me is that it is a practi^ 
method of substituting co-operation and help for the 
mere driving mehods which have bera so unmtem- 
gfflitly adopted in a good many factories in the past, 
and perhaps even to-day. Here again I am convinced 
that the true rectification of most of our troubles hes 
in the attainment of efficiency in general. S<me 
remarks have been made on selling efficiency, but 
not merely do we want efficiency in fhe factory, -we 
also want it in finance and in dis'tribution. I will 
not pursue that subject further, but I ‘wiU suggest 
that nothing essentially wrong can persi^, and that 
waste seems to, be the deadly sin which caines the 
most severe penalties. I would ask the author to 
look at the appalling inefficiency of finance and to- 
tribution and appreciate that the engineer has a problem 
to solve which nobody else seems to be willing to 
tackle. That is why the remarks recently made by 
the President, and reiterated in this paper, on the 
study of economics are pf such vast importance. It 


is of little use to obtain splendid results in the factory 
if the other processes are scandalously inefficient. 
One speaker touched upon the point that cost 
accoimting, which involves an elaborate system of 
records, depends on the accuracy with which the 
worker fills up his time sheet or whatever eqmvalent 
is in use. I was rather interested to realize that we 
were not the only people who had a certain amoimt 
of difficulty in getting precisely accurate information 
on bits of processes. The Whitley Committee has 
helped us in those matters by impressing on the members 
of the staff the desirability and the reason why we 
want these things in detail. These committees have, 
too, been exceedingly valuable to us in removmg 
suspicion and in attaining that healthy spirit of cheerfid 
co-operation whicli is tlie goal of the much-maligned 

idealist. , , , 

Mr. G. H. Nelson {in reply) : I was. very pleased to 
have Mr. Medlyn’s contribution to the discussion, and 
was particularly gratified to know that a Government 
department has estabUshed a system somewhft on 
the lines of that outlined in thfe paper. i 

With regard to Mr. Bailey’s comments, 1 heartUy 
endorse his suggestion that in addition to the co-operation 
inside an industrial organization, it should extend outside 
between firms. I may say that during my visit to the 
States recently I found this very prevalent and was 
particularly struck with the free way in which I was taken 
round tlie American works and had various precedes 
explained to me, in spite of the fact that I represented 
a competitor. I endeavoured to give quid pro quo, 

1 consider it the duty of all Englishmen who visit the 
States to deal with the Americans in this hank mannm, 
as by this the feeling between the countries can be 
improved considerably and the power of America and 
England together increased and directed in the way of 
preventing a recurrence of calamities of the terrible 
nature of the Great War, which after all is the real cause 
of the suffering and unemplo 3 mient at the present tune. 

In connection with unemployment, I agree with Mr. 
Bailey that the Government scheme of unemployment 
insurance by industry is sound, and I do not suggest that 
the scheme outlined in my paper should replace this, 
but it should be in addition to the Government scheme, 
the latter being that which is necessary to enable 
men to exist when out of work, whereas my scheme is 
with the object of encouraging men to work and give 
f Vi air best to provide tomethilig in addition to Gavem- 
ment allowsance. In connection with the Rate-Fixing 
Department, in the works with which I ana connected 
the whole of the drawings—even for odd jobs—go to 
the Rate-Fixing Department and are processed. Tte 
does not just refer to repetition work, as sugg^ed by 
Mr. Bailey. I am sorry that he does not thmk that 
I emphasized sufficiently the personal element. There 
is no doubt that the success of any system in a wo^ 
IS absolutely dependent on the human element. No 
matter how good the system is, if the will to work is not 
•there it will be a failure, and the object of works 
committees, foremen’s meet&igs, end the careful selection 
of heads of departments, as emphasized in the pap«, 
js the endeavour on ■the part of the manager to get toe 
of toe best personnel to co-operate and make toe 
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system a success. In connection with the necessity of 
seeing that too good a job is not made, we endeavour to 
take care of this in . the Rate-Fixing Department by 
specifying on the process sheet the class of finish that is 
required, and the price is fixed accordingly. In addition, 
as mentioned in the paper, we mark our drawings with 
different colours, to show the differences in finish. With 
regard to Mr. Bailey’s remarks regarding the credit for 
increased output going to the salesmen, I am afraid 
that I rather look at the question from the opposite 
view, namely, that the works are so efficiently run that 
it is not possible to make, any great improvement, 
whereas by ensuring that we get the proper results 
from the necessary selling expenditure, great economies 
arise. 

In connection with Mr. Carr’s remarks regarding the 
running of small works, I must say from my experience 
of large wo^ks that I am of the opinion that small works 
run on the same basic principles; as outlined in the 
paper, can obtain greater efficiency than the larger 
organizations, the reaspn being that. the number of 
personal elements is smaller and therefore more easy to 
handle. As mentioned before, I still feel that the same 
principles should be applied, with of course the applica¬ 
tion of the right common-sense of the management as to 
the details required. With regard to the booking of 
time in the shop, I agree with Mr. Carr that it is difficult 
to get 100 per cent efficiency in this direction, but this 
is taken care of by arranging for a clerk to book all the 
details on the time sheet under the control of the Rate- 
Fixing Department and the man only fills in the time. 
I am glad that Mr. Carr agrees with my view that the 
Design Department should co-operate as far as possible 
with all people likely to be interested in the design of a 
machine. I agree with his remarks in regard to respon¬ 
sibility. On no account must responsibility be divided 
by the committee systeni; It is ver}'' easy for it to 
become so, but the insistence on this by the management 
can prevent it. For instance, in the works where this 
system is in operation the foreman is not allowed to 
ixy to shelve the responsibility for bad work on to the 
Inspection Department. .It is solely the foreman’s mis¬ 
take for having allowed the bad work to be produced. I 
agree with Mr. Carr that customers can help very con¬ 
siderably by giving full information when the order is 
placed and by immediately giving a decision in regard 
to any question which may arise. The matter of shop 
lay-outs has not been discussed in the paper, because 


my object h?LS been rather to describe a system than to 
go into the details of a lay-out, and to encourage existing 
works to install the system where plant already is in 
operation, rather than to deal with new factories where 
the plant can be laid out for ideal conditions. On the 
other hand, however, even a shop laid out ideally to-day 
may not necessarily be ideal for the product manufactured 
in 20 years’ time. In connection with Mr. Carr’s 
remark regarding the la 3 dng-out of various operations 
in the shop, the system outlined in the paper enables 
this to be done very conveniently, because by assembling 
charts (similar to Table 3) of all the machines produced 
in any month and so arjriving at the total number of 
machining hours, one can see ahead whether the plant 
can deal with the output it has to produce, and, if not, 
then steps can be taken to get outside help where the 
shortage of machinery exists. 

I was glad to hear Mr. Mallinson’s recommendation 
that customers should endeavour to take plant at the 
time it is completed, especially when they insist on their 
delivery date. Unfortunately, we have found in many 
cases iJiat a purchaser has been most emphatic about 
his delivery date, special pressure has been put on all 
departments to keep this date,, and when it has been kept 
the machine has remained in the shop for weeks and 
sometimes months. Customers should realize that the 
moral effect is very bad. 

Referring to Mr. Herbert’s contribution to ^ the dis¬ 
cussion, I notice that he mentions the principles of Dr. 
Taylor, who, in my opinion, unfortunately calls this 
S 3 ^tem ” scientific management.” The bare mention 
of the word ” scientific ” frightens a great many of the 
old-fashioned type of employer. That is one reason 
why this word is left entirely out of tlie paper. I also 
support Mr. Herbert’s contention that we want efficiency 
in finance and distribution, and I trust that sqxtie experts 
on these subjects will give us the benefit of their recom¬ 
mendations, as suggested in the paper. 

In conclusion I should like to thank all those who 
have taken part in the discussions for their constructive 
suggestions, and I sincerely hope that the object which 
I had in giving the paper will be fulfilled, namely, 
that those responsible for the management of works 
will consider such general principles outlined in the paper 
as are applicable to their own works and apply them 
where they do not exist, thus helping to reduce produc¬ 
tion costs and to develop industry, which will eventually 
result in a considerable reduction of unemployment. 
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THE RATING OF CABLES FOR INTERMITTENT OR FLUCTUATING 

LOADS.* 

By S. W. Melsom, Associate Member, and H, C. Booth. 

[From the National Physical Laboratory.] 

{Paper jivst received 31s^ Jaivuar^t and in fined form 21th December^ 1922.) 


Summary. 

The extent io which the rating of a cable is affected by 
an intermittent or fluctuating load as compared with con¬ 
tinuous running conditions is investigated theoretically, and 
formul® are given by means of which the effect of any type 
of loading can be calculated. 

It is shown by experimental determinations on various 
sizes and types of cables that the thermal time-constant can 
be calculated either from a heating or cooling curve of a 
particular cable, or from the specific heat and mass of the 
various components of the cable. 

Tables are given showing the rating for the cables for 
which load tables are given in the I.E.E. Wiring Rules, on 
the same basis as for motors, i.e. J-hour and 1-hour ratings. 


The question of the peiijuissible current in cables 
used for supplying motors or other gear for such pur¬ 
poses as cranes, winches or hoists where the period of 
full-load current may be comparatively short, alter¬ 
nating with j^eriods when the motor is running light 
or is shut -idown, was raised by the Ship Electrical 
Equipment Committee of the Institution. 

Goldschmidt t investigated the case of motors used 
for such work, afld stated that long experience in actual 
practice has proved that in nearly every case a motor 
which stands a 1-hour test with a moderate temperature- 
rise is large enough for crane work. In modern practice, 
motors for such purposes, are rated at i hour and 
1 hour, depending on the conditions of use. 

In the case of cables the time required to attain 
the maximum temperature is, as a rule, very much 
shorter than with motors, and it is necessary to consider 
them separately in order to ensure that the combina¬ 
tion of motor and cable will be suitable for a given 
purpose. 

In*a previous paper {Journal I.E.E., 1911, vol. 47, 
p. 711) the authors gave some results showing the order 
of increased rating that could be used for cables under 
intermittent load, the periods of variation being a few 
minutes, as would be the case in the actual use of a 
motor. These and other observations have been used 
in what follows. 

♦ The Papers Committee invite written communications fwith 
a view to publicatid^ in the Journal if approved by the Co^ 
mittee) on papers published in Journal mthout being re^ 
at a meeting. Communications should reach 
the Institution not later than one month ajj^r pubhcation of the 
paper to which they relate, 
t J<y»^mal /.E.E., 1906, voL 34, p. 660. 


For the mathematical treatment of the problem let:— 

w = rate (in watts) of heat transmission through 
unit length of the covering of th^ cable for 
each degree C. of temperature excess above 
the surrounding air; ^ 

0 = heat capacity of unit length of cable per deg?;e*e C. 

in watt-second units (joules) ; 
q (or Q) == rate (in watts) at which energy is being 
developed in unit length of the cable ; 

B = temperature excess (referred to in the calcula¬ 
tions below, for brevity, as " temperature '*); 
t = time in seconds. 

Then, if we assume that the heat dissipation is pro¬ 
portional to the temperature excess at any moment:— 


or 


gdili = cdB -|- wBdt 


(qlw - &) 

Integrating, = — log. (6 — qlw) + log^P 

where P. 


■whence 


; a constant of integration; 

P 


eUtie ^ 


6 — qh 


To find P, assume that when i = 0 the temperature 
B has the initial value 0i, then 

P = - g/w 




qfw — 0x 


qlw — 6 

whence 6 = {Oi - qlw) + qlw 

If the cable runs for o seconds at Q watts, starting 
at an initial temperature O-i, let tire temperature at- 
I* tained be 

- Qlw) + Qlw 

• If tlie cable then runs for 6 seconds at q watts, starting 
at an initial temperature Bi, let the temperature 
attained be 

^3 = - qM + 

a«id if then B^ = 02 we have 

(Qlw) (1 - + (Qlw) (1 - 






Or, since Qjw = M, the maximum temperature attained 
when running continuously at Q watts, and qjw = m, 
Ae maximum temperature attained when running con- 
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tinuously at q watts, and writing y for cfw, where y is 
the thermal time-constant of the cable, 

^ _ ilf (1 — e^^fy) -f m(l — e~%)e“®/y 


On the assumptions made, the temperature of a 
cable as deduced from the general equation, at any 
time t after switching on, will be 

=» Jf (1 - 


Taking the case of a cable running under crane-load 
conditions where the motor runs at full load for a 
minutes and at light load for b minutes, and so on, 
intermittently for a long period, the increased rating 
for the same temperature-rise as would be attained 
if the cable were loaded continuously at its normal 
continuous rating of J amperes, can be calculated as 
follows :— 

Let i be the current on light load and si the maximum 
load current, s being the ratio of the maximum to the 
light-load current. 

Taking the general case of temperature elevation 
under a fluctuating load of this kind, we have 

0 ___ M{1 — e^^h) + m(l •— e‘”^/y)e“«/y 

1^— e—(.a’\'b)ly 


If the watts developed by i amperes be g = where 
r is the resistance of unit length of cable at the maximum 
temperature, then with si amperes the watts developed 
will be g = sH^r. We have therefore 


M 


sH^ 

w 




and m = — 
w 


and the maximum temperature elevation will be 

0 _ _ e-»/y) -f (1 — e-&/y)e“«/yn 

w L 1 ~ e”(®+^)/y ~J 

The maximum temperature elevation for continuous 
running witli 1 amperes will be and this must 

equal 6, whence we obtain— 


si 


= Is ir ^ “ 6“(«+6)/y -j 

_ e-a/yj 4- (1 _ 6-Wy)c“«/yJ 


^^2(1 _ e-a/yj 4- (1 _ 6-Wy)fi 

or if si = nl, where n is the rating factor, we have 
^ ^ /P_ 1 ^ e ’-{a’\rh)ly ' -| 

V Ls^(l — 6“®/y) + (1 — e-i»/y)e“®/yj 

Thus, if the cable were rated to run at 200 (= I) 
and if a = 4 minutes (240 secs.), 6 = 6 minutes (360 
secs.), y = 1 300 seconds, and 5 = 2, then 


n 


_ O /r 1—6-600/1800 

, VL2^1-e-ii40/1300) + 


J 


360/1300)^-240/1800 

= 1 304, and the maximum permissible current during 
the full-load period is 

si = 1*304 X 200 = 261 amps. 


A simpler problem arises out of the decision of tlie 
I.E.E. Committee that cables should be rated on the 
same basis as the motors \ised, i.e. at a J-hour and 
l-hour rating. For the calculation of the rating factor 
to suit these conditions only the initial part of th^ 
appropriate heating curve need be considered. 


where M is the maximum final temperature. 

Let Mq be the final permissible maximum temperature 
attained when running with the rated current 1q, To 
a first approximation 


therefore 

whence 


MdM = (/o//)2 


0 = - e-ih) 

loVidlMo) 

■ v'(l — 


If J is greater than i'o, but 9, the temperature attained 
after the interval t, is not to exceed Mq, we have for 
the rating factor n :— 


or 


^ - e-t/y) 

1 


For the ^-hour rating, t is 1 800 seconds, and for the 
1-hour rating, 3 600. 

It will be seen that these formulae require that the 
thermal time-constant y should be known. This quantity 
is the ratio of the heat capacity of the qable to the rate 
at wliich heat, measured in the same units, would be 
transmitted from the cable if the tfemperature excess 
were 1 degree C. Regarded from another point of 
view it is the time that would be required for the cable 
to reach the maximum temperature corresponding to 
any current if, with this current passing through the 
cable, all dissipation of heat to external space were 
prevented and the heat generated by the current were 
applied solely to heating tlie cable. 

Thus, if M be the maximum temperature excess 
attained -when the current is running at Q watts, and 
if c be the heat required to raise the temperature of 
the cable 1 degree C., then the heat capacity of the 
cable when raised in temperature M degrees is Me. 
Wien it has reached its maximum temperature corre¬ 
sponding to the current carried, and conditions have 
in consequence become stationary, the heat dissipated 
per second by the cable, wM, is equal to the heat 
generated, i.e. 

wM = Q = 12^ 

where r is tlie resistance and I the current. Therefore 
the time required to reach the maximum temperature 
ikf, if no heat were radiated from the cable, would be 


Me ^ Mo c 

Q Mw w ^ 

a quantity which is therefore defined as tlie " thermal 
time-constantsince it will be the same whatever 
maximum temperature be considered. 

The thermal timer-constant of a cable can, therefore, 
be approximately calculated if we know the weight and 
specific heats of iZs vsCrious components and the final 
temperature-rise corresponding to a given current. 
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The temperature of the core will be generally higher 
than that of the surrounding layers of insulating and 
other materials. If in order to simplify the calculation 
it be assumed that the whole of the cable attains the 
temperature of the core, it would seem as if the value of 
the thermal time-constant calculated on this assumption 
should be somewhat in excess of its true value. This 
error would, however, appear to be very largely com¬ 
pensated for by the fact that in practice a cable is not 
freely suspended in air, but is in immediate contact 
with some support, which also shares to some extent 
in the temperature-rise of the cable. A comparison 
of the results obtained by calculation of the con¬ 
stant from the dimensions and thermal quantities 



Fig. 1.—^Determination of the time-constant of a 19/14: 
S.W.G. rubber-covered cable by means of the heating 
and cooling curves. 


maximum final temperature, then, on plotting the 
values of log^o IM/(M — 0)] derived from the values of 
0, against corresponding values of t, we should obtain 
a straight line passing through the origin, the slope 
of which line should be equal to 0*4343^y. This 
affords a criterion as to Tiow nearly the heating curve 
follows the exponential law here assumed, and also, if 
the slope be measured in the proper units, a means 
of evaluating the constant y. 

In practice, however, this particular method is some¬ 
what diflicult in application. Values derived from the 
first part of the heating curve are liable to error because 
here the temperature is changing very quickly. In 
the initial stages of the heating curve the temperature 
of the core will also be considerably higher than that of 
the covering, and this would tend to make the value 
of the thermal time-constant derived from this part of 
the curve too low. , , 

For the latter part of the curve when d is approacliing 
its limiting value M, the term {M — fl)/0 becomes 





Pig. 2.—^Determination of the time-constant of two lead- 
covered paper-insulated cables: 

(A) 0‘1 sq. in. single. (B) O'l sq, in. concentric. 


of tlie cable with those obtained by the more direct 
experimental method next to be described would seem 
to indicate that, within the limits of accuracy required ^ 
in the evaluation of the constant, the first method 
affords a satisfactory approximation. 

For the calculation of the thermal time-constant from 
the heating curve we can proceed as follows :— 

Since at any time t after switching on, the temperature 
excess 

0 = Jf(l - 6“Vy) 


where M, as before, is the final maximum temperature, 
we have 



JO‘4343) 

w • ■ 

y 


If a series of values of d are available for various time 
intervals a^ter switching,on, and if we know M the 


uncertain, since {M — 6) is the difference of two nearly 
equal quantities, one of wloich, M, requires a very long 
and careful observation for its exact determination. ^ 
For this reason, therefore, it is preferable to use 
the cooling curve. For this we have 6 = where 

6q is the initial temperature for ^ 0. From this it 

follows that 

logic {dole) - Wy) logloe = 0*4343^/y 

so that if a series of values of logic (^o/^) plotted 
against t, a straight line passing through the origin 
should be obtained the slope of which should again 
be equal to 0»4343/y. 

As this does not necessitate the determination of 
Hie maximum temperature it is generally the more 
convenient method. 
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Some illustrative examples of these tliree methods of 
determining the thermal time-constant -vvill now be given. 
They will also serve to show the sort of consistency 
obtainable by the various methods and to what extent 
it is permissible to rely on a calculation of the thermal 
time-consfant derived from the dimensions and specific 
heat of the cable in place of determinations based on 
the characteristics of the heating or cooling curves 
as obtained by direct experiment. 

Example (1). A rubber-covered 0 *094-5^. in. cable. 
—In Fig. 1 the values of logjo \MI{M — 6)] are 
shown plotted against time for (A) the heating curve, 
and of logjo {Bold) for (B) the cooling curve. 

The slope of • the best mean straight line through 
these points has been measured and the constant, y, 
obtained by dividing 0 • 4343 by the slope. The values 
are :— 


0-1-s^. in. cable [see Ftg. 2 (A)].-—Only the heating 
curve was available. The value deduced from the 
slope of the plotted values of logjo [Ml{M — 6)} was 
y = 1 270 seconds. 

For the total heat capacity of unit length of cable 
we have:— 


(1) Conductor .. 2* 14 watt-sec. units. 

(2) Lead covering ..1*59 

(3) Paper and oil .. 1*62 „ ,, 

Total heat capacity c = 6*35 ,, „ 


_ 2002 X 2-79 X 10““e[l + (0*004 x 30)J 
M 30 


Therefore 


= 4*16 X 10-3 watt 


(a) Heatipg curve y = 1 310 secQnds. 

{b) Cooling curve y = 1 300 seconds. 

^ The evaluation of the thermal time-constant of this 
cable ^by means of the dimensions and specific heat 
is as follows :— 

The total heat capacity of the cable is here the sum 
of two components :— 

(1) The heat capacity of the conductor based on 

weight of copper x specific heat = 2*135 watt- 
seconds. 

(2) The heat capacity of the covering, rubber and 

braiding =2*79 watt-seconds. 

Hence c, the total heat capacity per cm, = 4* 926 watt- 
seconds. ^ 

The value for the covering is derived from a direct 
determination of the specific heat of rubber and braiding 
made on a small sample taken from the cable. The 
actual value obtained was 0*39 calorie (= 1*63 watt- 
second units) per gramme per degree C., and is subject 
to a possible error of ± 3 per cent. The heat capacity 
of the covering is obtained by multiplying the value 
of the specific heat, given above, by the weight of the 
covering per unit length of cable, which weight was 
detemined on a length of about a yard of covering. 

The resistance of unit length of conductor of the 
0*094-sq. in. cable at 15*6® C. -was 2*86 x 10-3 ohms, 
and since for a current of 169 amperes maintained 
continuously there was a temperature-rise of 21*8 
degrees C., the resistance at the liigher temperature is 

y f- [1 + (0-004 X 21*8)1 2*86 X 10-® 

= 3*11 X 10-3 ohm/cm 

Hence 


y = cjw = 6*35/(4*16 X 10-®) = 1 290 seconds 

Here again the values for the impregnated-paper 
insulation were derived from a determination of the 



Fig. 3.—^Determination of the time-constant of a high- 
tension three-core paper-insulated cable with lead 
covering and armouring. 


specific heat of a sample taken from a cable, the actual 
values being— 


i2r = wM = 3-11 X 10-8 X 1692 = 8-83 X 10-2 watt 

. 8-83 X 10-2 

w = -gjTg-- 4-06 X 10-s watt 

Thus the thermal time-rconstant 

*> 

y = c/tc = 4-926/(4-06 X 10-8) = 1 210 seconds. 
Example (2). A lead-covered paper-insulated single 


0*37 calorie (= 1*54 watt-second units) per gramme 
per degree C. 

Example (3). A lead-covered paper-insulated con¬ 
centric 0*1-5^. in. cable [see Fig, 2 (B)].—Only the 
heating curve-was available. The v^ue deduced from 
the slope of the plotted values of logio [J!f/(ikf ~ ®)] 
was y = 2 170 seconds. In this case 6 was the mean 
value of the temperature-rises of the inner and outer 
conductors, respectively. 
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For the total heat capacity of unit length of cable 
we have :— 

(1) Conductor (inner and outer) 4*27 watt-sec. units 

(2) Lead covering .. .. 2*77 „ „ 

(3) Paper and oil .. .. 4*93 ,, „ 

Xotal Keat capacity per cnic=ll*97 „ „ 

Pr 2 X 1702 X 2-7[l + (0*004 X 30*6)310-» 
30*6 

= 6*72 X 10-2 watt 

Therefore 

11*97/(5*72 X 10-2) = 2 100 seconds 

Example (4 ).—A high4ension 3-core ^aper-insulated 
amoared cable on which a number of heating curves both of 
cm and lead sheath were taken, special attention being 
directed to accuracy of the intermediate observations on 
the curve .—In P'ig. 3 are plotted the values of 


Table 1. 


Cible size 

rh ermal 
time-constant 

Multiplying factor 
for rubber 

Multiplying factor 
for paper 

(Nominal) 

Rubber 

Paper 

• 

f>hour 
' raring 

1-honr 

rating 

If 

l-hour 

rating 

sq. in. , 

0*0145 

!secs. 

620 

seos. 

700 

1-02 

1*00 

1*05 

1*00 

0*0225 

60@ 

760 

1*03 

1*00 

1*06 

1*01 

0*04 

890 

900 

1*07 

1*01 

1*09 

lOl 

0'06 

1 090 

1060 

vn 

1*02 

1*12 

1*02 

0*076 

1 360 

1 160 

1*17 

1*04 

1*16 

1*03 

0*1 

1620 

1 320 

1*21 

1*06 

1*18 

1*04 

0*12 

1^0 

1 430 

1*23 

1*06 

1-20 

1*06 

0*16 

1 820 

1 600 

1*26 

1*08 

1*23 

1*06 

0*2 

2 190 

1 860 

1*34 

Ml 

1*27 

1*08 

0*25 

2 440" 

2 070 

1*38 

1*14. 

1-32 

1*10 

0*3 

2 810 

2 260 

1*46 

1*18 

1*36 

1*13 

0*4 

3 390 

2 620 

1*57 

1*24 

1*43 

1*17 

0*6 

n 

3 690 

2 925 

1*61 

1*27 

1*49 

1*20 

0*6 

4 060 

3 185 

1*67 

L30 

1*64 

1*23 

0*75 

4 100 

3 620 

1*68 

1*31 

1*60 

1*26 

1*0 

4 610 

3 970 

1*74 

1*35 

1*66 

1*30 


\ogio[Ml(M - 6)11 against time, (A) referring to the 
temperature of the core only, and (B) to the average 
temperature of core and sheath. The values of tlie 
thermal time-constant are 7 580 seconds from curve (A), 
and 7 830 seconds from curve (B), as against the value of 
7 100 seconds deduced from the dimensions and thermal 
constants of the components of the cable. In calcula¬ 
ting the heat capacity, the effect of the armouring has 
been ignored since it is separated from the lead sheath 
by tape and obviously cannot be regarded as adding 
appreciably to thej'^eat capacity of the cable. 

In the first example there is a of about 

7 per cent between the two determinations, which, 
however, is not large when the difficulties of the various 
measurements are taken into account. It is, of course. 


possible that the difference arises from the fact that 
the two methods of determination apply to conditions 
that are not strictly comparable. The heating or cooling 
curve refers to a cable in contact with the floor (the 


TiiBLE 2. 



1 Permissible current 

1 

Size of cable that will 
carry same current as 
for continuous rating, 
but for:— 

Cable size 
(Nominal) 

^bour 

rating 

I'hour 

rating 

Continuous 
ratiM as 
in I.E.E. 
Wiring 
Rules 


1 

^ iour 

(2) 

Ihoiit 


Rubber cables. 


sq. in. 

amps. 

amps. 

amps. 

sq. in. 

sq. in. 

0*0146 

38 

37 

37 

0*0146 

0*0145 

0*0226 

47 

46 

46 

0*0226 

0*0226 

0*04 

68 

66 

64 

0*04 " 

0*04 

0*06 

92 

85 

83 

0*06 

0*06 

0*076 

113 

101 

97 

0*075 

0*0>5 

0*1 

142 

124 

118 

0*1 

0*1 

0*12 

160 

138 

130 

0*1 

0*12 

0*15 

191 

164 

162 

0*12 

0*16 

0*2 

247 

204 

184 

0*15 

0*2 

0*25 

295 

244 

214 

0*2 

0*26 

0*3 

351 

283 

240 

0*2 

0*25 

0*4 

452 

367 

288 

0*26 

0*3 

0*5 

534 

422 

332 

0*3 

0*4 

0*6 

641 

499 

384 

0*4 

0*5 

0*76 

774 

604* 

461 

0*5 

0*6 

1*0 

1036 

i 

803 

595 

0*6 

0*75 


Paper cables. 


0*0146 

60 

67 

57 

0*0146 

0*0145 

0*0225 

79 

76 

76 

0*0226 

0*0225 

0*04 

113 

105 ' 

104 

0*04 

0*04 

0*06 

161 

138 

136 

0*06 

0*06 

0*076 

180 

162 

.157 

0*076 

0*075 

0*1 

225 

199 

191 

0*1 

0*1 

0*12 

252 

220 

210 

0*1 

0*12 

0*16 

303 

261 

246 

0-12 

0*16 

0*2 

376 

320 

296 

0*16 

0*2 

0*26 

453 

377 

343 

0*2 

0*25 

0*3 

623 

435 

385 

0*26 

0*3 

0*4 

663 

543 

464 

0*3 

0*4 

0*6 

804 

648 

640 

0*4 

0*5 

0*6 

960 

767 

624 

0*4 

0*5 

0*76 

1 180 

930 

738 

0*6 

0*6 

4*0 

1648 

1 211 

932 

0*6 

0*76 


effect of which is nearly eqiilvalent to that of a wood 
casing or iron pipe), whereas the c^culation from the 
dimensions and specific heats of the constituent parts 
of the cable leaves this factor entirely out of account. 
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The following examples will serve to show the efiEect 
on the rating factor of an uncertainty of this order in 
the evaluation of the thermal time-constant. Taking the 
formula for the calculation of the rating factor in the 
case already quoted (page 364), i.e. a cable which runs 
for 4 minutes at full load and' 6 minutes at half load, it 
was found that if the thermal time-constant were taken 
as 1300 seconds the ** full current could be increased 
to 1*304 times the normal current for continuous 
rating. If instead of 1 300 seconds the thermal time- 
constant were here taken as 1 200 seconds then the value 
obtained for the rating factor would be 


(1 — e-600/1200) 


* + (1—6-360/1200)0-240/1200 

_ O /r__ 0-3935 _n ^ 

VL(4 X 0*1813) -h (0‘2593 X 0-8187)J 


J 


1*295 


_(4 X 0*1813) -h (0*2593 X 0-8187). 

a difference of less than 1 per cent. 

Take next the formula for the J-hour rating 

1 

•v/(l - 

where Z* the worHng period is J hour {= 1 800 secs.). 


If y = 1 200, 

1 1 

” “ y/(2 - e-i300/i200) y'(i _ 0-2231) - 
But if we take y = 1 300 

n = l/-/(l - 6-1800/1300) = 2/^(1 _ 0*2603) = Ploa 

a difference of 1*9 per cent for a variation of 8 per 
cent in the thermal time-constant. 

Table 1 gives the time-constants and the direct 
multiplying factor botli for |-liour and 1-hour rating 
for low-tension cables of sizes and dimensions as shown 
in the I.E.E. Wiring Rules, and Table 2 gives the actual 
permissible cufrents for this type of rating, and the 
sizes of cables which may be used for ratings of |.hour 
and 1 hour in place of the sizes at present specified 
in the Wmng Rules for continuous loading. 

The thanks of the authors are due to Mr. S. Butter- 
worth for his kindness in checking the mathematical 
portions of the vrork, and to Dr. Ezer Griffiths who 
determined the values of the heat capacity of the 
dielectric covering materials. 
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AMERICAN PRACTICE AS REGARDS THE GENERATION OF SUITABLE 
VOLTAGES AND CURRENTS FOR DEEP THERAPY.* 

By C. H. Holbeach, Associate Member. 

(Paper first received 315^ March, and in final form Qth November, 1922.) 


. Summary. 

In the past few years considerable strides have been made 
in the improvement and simplification of K-ray equipment 
both for medical and industrial purposes. At the same time 
it is a noteworthy fact that the demands of X-ray workers 
are ever in advance of the apparatus at their disposal. It 
is for this reason that standardization is difficult, a design 
becoming almost obsolete as soon as perfection is approached. 

The comparatively sudden call for highly penetrative 
X-radiations of shorter wave-length, involving the main¬ 
tenance of 200 000 volts at the tube terminals for continuous 
running, has imposed many difficult problems on tlie designer 
and manufacturer. In America these difficulties were to a 
great extent solved by research laboratories of large electrical 
corporations. The influence of sound engineering principles 
is, therefore, more noticeable in American practice than in 
that of any other country. 


Introduction. 

A certain ambiguity miglit be attached to the title 
of this paper, inasmuch as it presupposes the existence 
of a practice ** relative to the generation of high 
voltages for deep therapy in the United States. As 
only a short time has elapsed since medical authorities 
definitely called for shorter wave-length X-radiations, 
it might be argued that such an assumption is undulj^ 
hasty. 

Aftdr careful consideration of the material and data 
available one might safely assert that a distinct practice 
exists. There ^is ample evidence of a fundamental 
similarity in equipment of apparatus placed at the 
disposal of American doctors for the treatment of deep- 
rooted malignancy. Such a condition of things, absent 
in the majority of other countries, is perhaps governed 
by circumstances peculiar to tte United States. 

In a general way one might perhaps suggest that 
the object of this paper is to point out some tentative 
lines along which a practice might be evolved in this 
country. There caii be very little doubt of the ulti¬ 
mate benefit which would accrue from the standardiza¬ 
tion of electro-medical apparatus. At the present 
time there is a lamentable state of affairs which finds 
no parallel in other departments of electrical engineer¬ 
ing. The medical man is faced with a host of con¬ 
flicting recommendations wliich make his task an 
unnecessarily difficult one. There is no reason why 
a definite conclusion should not be arrived at, once 

• The Papers Committee invite writtei^, communications {with 
a view to publication in the Journal if approved by the Com¬ 
mittee) on papers, published in the Journal without being read 
at a meeting. Communications should reftch the Secretary of 
the Institution not later than one month after publication of the 
paper to which they relate. 


' and for all, to decide upon the basic principles which 
are to underlie the design of apparatus for deep therapy. 
Special refinements and secondary matters can be 
left to the discretion, enterprise and individuality of 
the manufacturer. 

It is within the scope of this paper,, tl^erefore, to 
point out the steps taken by American manufacturers 
in perfecting their equipment, and it should be clearly 
understood that criticism will be excluded as f%r as 
possible, unless it is particularly required in order to 
emphasize some important point. Also, comparisons 
with similar efforts in this country will not be attempted, 
and indeed should be avoided, in view of the totally 
different conditions, both economic, and otherwise, 
which, unfortunately, bind engineers in both countries. 

Fundamental Principles of American Design. 

The problems in the generation of liigli voltages 
for deep therapy are mainly centred upon:— 

(1) The type and form of the high-voltage generator. 

(2) The clioice of X-ray tube to withstand 200 000 

volts and over. 

It is interesting to note that it is upon these more 
important general principles that, without exception, 
all manufacturers in the United States are in entire 
agreement. In order, therefore, to provide a means 
of generation of the liigher order of potentials, recourse 
has been made to the a.c. oil-immersed transformer. 
The reasons are many, and certain external influences 
have, without doubt, had a measured bearing on this 
univei'sally accepted principle. The presence, for 
instance, of alternating current in larger areas in the 
United States is in all probability a strong^ factor 
in this case. High-voltage electrical engineering has 
been applied to a far greater extent in America than 
, in any other country. It is, therefore, scarcely sur¬ 
prising that manufacturers of X-ray apparatus should 
turn to a precedent which is already established in 
industrial circles. Transformers to operate on 200 000 
volts were constructed some years ago in connection 
with high-voltage transmission lines in California and 

elsewhere, . 

^ Moreover, a transformer has been constructed having 
a secondary ratio up to 1 000 000 volts. Ah impression 
seems to be current in X-ray circles in this country 
that this apparatus was built by Dr. Coolidge for X-ray 
purposes. A correction is necessary, as the transformer 
in question was designed and assembled at the Pitts- 
fiield laboratories for the investigation of problems 
in connection wirix high-tensipn transmission lines.. 
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e.g. corona losses, lightning flash-over, and insulation 
tests. 

But the main consideration regarding the adoption 
of a transformer in preference to a coil equipment 
is a purely electrical one, in the sense that engineers 
and research physicists have’^shown a marked prefer¬ 
ence for the former for continuous working witli a 
minimum of attention. 

The design of the X-ray transformer roughly coin¬ 
cides with its industrial prototype, inasmuch as without 
exception the core-t 5 ^e construction is used, with 
concentric windings and circular coils. In all instances 
the practice of oil immersion is followed for obvious 
electrical reasons. Experiments have been conducted 
at the Research Laboratory of the General Electric 
Co. at Schenectady, with a view to making a direct 
comparison of the X-ray intensities obtained from a 
Coolidge tube operated both on an induction coil and on 
an interrupterless transformer outfit. The measurements 
were made at 1 milliampere and 296 000 volts peak. The 
inteifeity was measured with various filter thicknesses 
of copper by means of a specially constructed ionization 
chamber. The results are given in the following table. 


Induction coil. 

1 mA at 296 kV (max.) 

Experimental intemipterless machine 
1 mA at 296 kV (max.) 

Thickness of 
.copper 

Time, T 

Intensity, 
(ly^T) X 103 

Thickness 
of copper 

Time, T 

Intensity, 
(l/y) X 103 

mm 

0*1 

secs. 

9-1 

109-9 

mm 

0-1 

secs. 

9-1 

110-0 

0*2 

»10-8 

90-0 

0-2 

11*3 

88*6 

0-3 

12-9 

77-6 

0*3 

13-2 

75*8 

0-6 

16-7 

63-8 

0-5 

16-9 

59-2 

0*7 

18*2 

66-0 

0*7 

18*1 

66-3 

1*0 

22-2 

46-1 

1-0 

22-6 

44-3 

1-6 

29*6 

33-8 

1-6 

29-3 

34-1 


The curve showing the relationsliip between intensity 
and filter thicknesses is shown in Fig. 1. It will be 


200r 



01 0-2 0*3 (H 0-5 0^ 0-7 0-8 0-9 10 l-l 1-Z 1-3 l4 1-5 
Thickness of copper, in Tn-m 

Fig, 1.—Absorption curves of interrupterless machine and 
induction coU; 296 kV (max.), 1 mA. 


noted that all the pofnts lie roughly on one line, and 
it is therefore obvious that any differences, both quanti- 
tative and. qualitative, are such as may be assigned 
to experimental error. It is also evident that the 


virtues claimed for the induction coil are of no -special 
value in relation to their operation with a hot-cathode 
tube, whereas, on the other hand, we have the manifold 
disadvantages of coil construction and the inconsistency 
in the running and upkeep of mercury interrupters. 


High-voltage Tubes. 

The only type of tube employed by American manu¬ 
facturers is the new high-voltage deep-therapy Coolidge 
tube, the outcome of five or six years of experience 
gained in experimental work. In fact, as long ago 
as 1916 a tube had been constructed by Dr. Coolidge 
to operate on 200 000 volts and over. The present 
tube (see Fig. f) is of similar design to the well-lmown 
standard, universal-type tube, and consists of a solid 
tungsten anode supported by the usual molybdenum 
stem. The overall length has been increased to 32 in. 
and the bulb diameter to 8 in., and the distance between 



the cathode and anode has been carefully adjusted to 
comply vdth higher electrostatic strains consequent 
upon the increased tension^ Tliis correction minimizes 
the electrostatic pull on the filament, and also decreases 
the possibility of thermionic emission from the edges 
of the focusing cup. The new tube ms^ be operated 
continuously at a current varying from 2 mA to 8 mA 
(depending entirely on the condition of tlt5 energizing 
supply and the methods of cooling employed). The 
factors limiting the energy input are governed by the 
volatilizing point of the tungsten anode and the melting 
point of glass. In the United States air-blast cooling 
is adopted but generally found to be unnecessary, as 
fully 8 mA can be passed without injufy to the tube. 

The current value employed determines to a great 
extent the ultimate life of the tube, which between 
2 and 4 mA averages around 600 hours and over. Still 
higher currents decrease the life enormously until at 
8 mA 40 hours would be considered a reasonable 
figure. 


Rectification. 

The question of the supply of direct current to the 
tube has been solved by the universal method of cross- 
arm rectification, either of the Snook'' or the 2-arm 
pattern, of which the disc type is a modification. These 
methods are well known and need no description. 
The experimental apparatus used by Dr. Coolidge 
was equipped with a rectifying switch of the '' Snook 
pattern, and the shaft (12j ft. long) was built np of 
paper-shellac tubing. The four metallic cross-arms 
were 36^ in. long, spaced 33 in. apart. In this appar¬ 
atus rectification up to 300 000 volts was. obtained 
without difi&cultyC 

Although the benefits of miniinizing the corona 
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discharge by the use of tubing instead of wire in the 
high-tension circuit, and carefully avoiding sharp 
corners, are well known, it is amazing how little this 
principle has been applied in this country. Its applica¬ 
tion in America has spread not only to the overhead 
system biit also to the rectifier itself. 

In Dr. Coolidge's apparatus the rotating collectors 
were shaped of 3-in. tubing, approximately 12 in. in 
length, and were fitted with hemispherical ends. 
The International X-ray Corporation of New York 
have gone a step further, and are responsible for an 
enterprising innovation in which the whole of the 
rectif 3 dng scheme involves the qualities of the sphere 
gap. It is claimed that by making all^these collectors, 



Fig. 3. 


both stationary and moving, of spheres and spherical 
toroicjs, a considerable number of inconsistencies in 
operation would be swept away. Fig. 3 shows the 
“ Precision " rectifier mounted in position over an oil- 
immersed transformer. One of the outstanding advan¬ 
tages of the above arrangement lies in the fact that 
the whole system can be made more compact, and a 
greater latitude in the adjustment of the rectifica.tion 
can apparently be obtained, in view of the considerably 
shorter sp^k-over existent between spherical electrodes. 
The revolving toroids are within ^ in. of the spheres, 
and during operation the arcing is* claimed to be very 
small and to take the form of short local sparks, without 
the , usual troublesome brush discharge attendant upon 
other forms of rectifier. 


Constant-potential Apparatus. 

Progress has been made with the methods of genera¬ 
ting constant-potential direct currents involving the 
use of " Kenotron ** valves. The system was first 
suggested and perfected py Dr. A. W. Hull of Schenec¬ 
tady for his work iii connection with the X-ray spectrum 
examination of materials. The principles of the system 
depend, briefly, upon rectifying a high-voltage alter¬ 
nating current of 2 000 frequency by means of a battery 
of '' Kenotron “ hot-cathode valves. The pulsating 



Fig. 4. 


direct current is then caused to charge up condensers 
of a predetermined capacity. The function of these 
capacities is to hold their charge until the next impulse 
occurs. Tliis has the effect of flattening out the wave¬ 
shape, as shown in Fig. 4. In this manner a high 
potential is delivered to the X-ray tube, with a devia¬ 
tion of less than 1 per cent. 

It is impossible to do full justice to this system in 
view of tlie many intricate factors which it would be 
necessary to discuss. Recently, however, ^ apparatus 
of this description has been designed and operated at 
a voltage of 200 000. The arrangement of connections 



is shown in Fig. 6 . The supply to the primary of the 
transformer is obtained from . a dynamometer-type 
generator giving 2 000 periods at 160 volts. The trans¬ 
former itself sustains 100 000 volts at its secondary 
terminals, and is fed alternatively through the Kenotron 
valves Ki, K 2 , K 3 an<i K 4 , to the condensers Cj and 
C 2 . The tube is connected to the outer terminals of 
’q and C 2 . A very fine adjustment of the secondary 
voltage is obtained by controlling the capacities of the 
condensers. In order to equalize the capacity currents, 
a small variable condenser i| shunted across each valve, 
in this maimer an even distribution of the voltage strains 
is obtained. At the present time no Kenolxon " valves 
have been constructed to operate at pressures above 
160 kV, but no particular difficulty is anticipated in 
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their development up to 200 000 volts if occasion 
demands. As soon as these higher power Kenotron 
valves are in use one valve may be substituted for 
the two, placed in each circuit as shown in the figure. 
Tlie transformer is of very moderate dimensions, weighs 
only 85 lb. and has an ope'h core. At the present 
time the transformer has been designed for 100 000 
volts, but the voltage can readily be increased to 200 000 
thus giving without any difficulty a constant potential 
of 300 000 volts at the terminals of a Coolidge tube. A 
comparison between the relative X-ray output of 
constant-potential apparatus, and of an a.c. transformer 



Fig. 6.—^Absorption curves. 

with mechanical rectifier, indicates a distinct margin 
in favour of the former. Fig. 6 shows this relationsliip 
clearly. To obtain the same X-ray intensity under 
identically similar conditions, 226 kV is required from 
an a.c, transformer outfit, as against 200 kV for the 
constant-potential apparatus. These comparative tests 
form a part of an extensive series of quantitative ^ 
research problems which have been investigated by 
Dr. Coolidge and W. K. Kearsley at the Schenectady 
laboratory. The results have recently been published 
by The American Journal of Roentgenology. In sum¬ 
marizing the last-mentioned test Dr. Coolidge states 
that the difference might be due either to experimental 
inaccuracy or to the fact that the composition of the 
beam of X-rays is not exactly the same in both cases. 

Research. 

Although research fSiis very important subject 
is not entirely confined to the " Victor and the General 
Electric Co.'s combination, one necessarily feels th^^t 
the. most authoritative statements emanate from the 


AS REGARDS THE GEJ^E RATION OF 

Schenectad}'- laboratories. Dr. Coolidge a year or 
so ago made a special journe}^ to the Continent to 
study the question of deep-therapy equipment. Since 
then the research staff under his. direction have had 
the opportunity of closely investigating the relative 
values of the most important types of Gerpian deep- 
therapy apparatus. Research of a very thorough 'and 
exhaustive nature has been carried out and recently 
published. In this way the benefits of unique experi¬ 
ence are passed on to all concerned. The material 
outcome of this work is centred upon the deep-therapy 
outfit produced by the Victor X-ray Corporation at 
Chicago, a brief description of which will be given 
later in the paper. A summary of the already pub- 



rupterless machine. 

c 

lished research work would indicate the following 
conclusions:— 

(1) The oil-immersed a.c. transformer, in conjunction 

with a mechanical rectifier and the constant- 
potential machine, is tlie most efficient means 
of generating high voltages for continuous 
working. 

(2) The present-day form of mechanical cross-arm 

type rectifier lends itself admirably, if suitably 
modified, to the rectification of higher potentials. 

(3) The ballasting action of resistance ofiers certain 

well-defined advantages over auto-transformer 
control when operated with a hot-cathode tube 
at high potentials. 

(4) A voltmeter connected across the primaiy of 

an a.c. transformer should be calibrated against 
a standard sphere gap. 

(5) The current, nin the secondary or tube circuit 

must be kept virtually constant in order to 
minimize ^the high-tension voltage fluctuations 
due to the resistance in the primary circuit. 
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With regard to Coolidge tubes for deep therapy, 
experimental data are now available, the most important 
of which are as follows :— 

(1) The 200 000-volt tubes have a substantially con¬ 

sent output. The filtered radiations through 
2 mm of copper varied only 1J per cent over 
a series of 29 tubes, the terminal voltage being 
200 kV at 2 mA. 

(2) Wliere no filter is used for superficial skin therapy 

this constancy is lessened, owing to a slight 
variation in the thickness of the tube wall. 

(3) The effect of the tungsten deposit on the inner 

walls of badly* abused tubes may be neglected 
in deep therapy. ^ 


adjusted in order to allow for varying X-ray distribu¬ 
tion from the focal spot. At the same time it should 
be noted that for filtered radiations the distribution 
is greatly flattened. Within the girdle of the tube the 
distribution is constant within angles of 100®. 

These results are of thb utmost importance in view 
of the fact that some workers in tliis country either 
have installed or are contemplating the installation 
of a tube carrier which is a fixture in relation to the 
patient. 

General Design of Apparatus. 

Individual manufacturers in the United States have 
shown considerable enterprise in perfecting and modify¬ 
ing existent practice in order to cope with the new 



(4) The distribution of intensity around the girdle, 
and in a plane containing the tube axis and 
perpendicular to the target face, varies markedly 
and, therefore, the angle at which the tube 
is operated is a factor of sufficient importance 
to warrant close attention. Figs. 7 = and 8 
illustrate the distribution in a quantitative 
manner. 

The angles necessary for the application of X-fays 
through various ports of entry are in the latter case 
obtained by tilting a tubular or conical diaphragm 
placed in the path of, and radial to^ the central beam. 
The radiations of var 3 ring incident angle are therefore 
directed on to the patient. It is Obvious from the 
data already given that this technique must be carefully 
‘ VOL. 61. 


conditions. Many exceptional refinements have been 
^applied to standard plants. , 

It was pointed out earlier in the paper that a simi¬ 
larity of design is noticeable. It would therefore be 
both superfluous and Jbeyond the scope of this paper 
to give a detailed description of each piece of apparatus 
on the market, but it might be of interest to describe 
briefly some of the outstanding features of the more 
important American models. 

^A point worthy of note is that the twin-coil practice 
common in Germany has been followed in a modified 
form by some American manufacturers, and both the 
Waite and Bartlett Manufacturing Co. and the Wappler 
Electric Co. of New York have designed their trans¬ 
former equipment in two halves.^ The latter compauiy 
have two separate transfonners energ^ed in parallel, 

26 
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each being capable of transforming the line pressure 
to 150 000 volts. The transformers are oil-immersed 
and consist of concentric, heavily insulated, primary 
and secondary coils. Two tubes may be operated 
taking alternate half-waveS or, 
if d^ired, both halves can bs applied unidirectionally 
to the tube. The diagram of connections is given in 
Fig. 9. Special importance is claimed for the inclusion 
of suitably designed ohmic resistances in the secondary 
circuit. Impressed surges and oscillations are mini¬ 
mized, the tube thereby safeguarded, and quite uniform 
running is maintained* The two rotating disc rectifiers 
are mounted centrally within the usual cabinet, over 
and above ^o oil-immersed high-tension transformers. 
Farp ebonite shields are mounted at the stator to 
obviate the chances of flash-over to the earthed portion 
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current, time, and filter thickness. Dr. Waite attributes 
the utmost importance to this device, which eliminates 
carelessness on the part of the operator and, moreover, 
provides a permanent record of each treatment. 

Mention has already been made of the rectifying 
system evolved by the International X-;ay Co. of 
New York. Another interesting feature of the cnitfit 
consists of a new method of measuring the secondary 
voltage or penetration. This, is done by detecting 
and calibrating the capacity current of a specially 
designed, concentric, air-dielectric condenser. The latter 
is mounted on the top of a cabinet, and a galvanometer 
or milliammeter is employed to record the capacity 
or corona current between the plates, the readings being 
directly caUbrated in peak volts. The general appear- 
anceof the X-ray transformer and rectifier apparatus has 
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of the mountings, for instance the S3mchronous driving 
motor. The new high-volta.ge Coolidge tube is used 
and mounted in an ingenious protective container 
* completely enclosed in such a way as to allow a draught 
of cold air projected by a fan to circulate around the 
tube bulb and out at the two arms, A sphere gap 
alid coronaless overhead equipment is included in' 
the installation. 

The Waite and Bartlett machine is somewhat of 
the same construction and has a single motor driving 
a shaft witli a rectifier operating on the 4 cross-arm 
principle. The currents when rectified are put in 
series and fed to the tube terminals. A sphere gap 
and a primary a.c. voltmeter are included for measurin*g 
and standardizing the voltage. A madiine of this 
type has been installed at the General Memorial Hos¬ 
pital under the direction of Professor Shearer, of Cornell 
Universiiy, who has devised a special recording instru¬ 
ment by means of which an ink record is taken of 
fluctuations (if any) in the primary voltage^ the secondary 


already been illustrated in Fig. 3. The device is mounted 
on the top of the cabinet, and consists of a condenser, 
the discharge between the plates of which is measured 
through a galvanometer or milliammeter calibrated 
directly in peak volts. 

It is claimed that by this means the errors due to the 
unskilled mampulation of a sphere gap are eliminated. 
Controls ^e obtained by a ballast resistance in the 
primary circuit of an oil-immersed transformer. 

actual design of transformer presents some 
interesting features. The secondary coils are completely 
suspended in oil, and no solid insulation or filling com¬ 
pound is used. The high-tension turns are made up 
of specially insulated wire capable of withstanding 
6 000 volts (between turns). The transformer was 
designed by Mr. Montford Morrison has proved to 
be exceptionally frep from breakdown. 

A powerful apparatus is manufactured by the Victor 
X-ray Corporation of Chicago, and is the practical 
outcome of the experience of their engineers in collabora-^ 
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tion'|with the research Work of Br. Coolidge and his 
staff at the General Electric laboratories, Schenectady. 
Essentially the plant consists of a transformer capable 
of operating continuously at 280 000 volts, equivalent 
to a 20-in. gap between points. Rectification is 
obtained by the well-known Snook pattern cross-arm 
rotating switch. Special provision has been made to 
eliminate harmful surges. The apparatus has been 
designed with a view to its use on a still, higher peak 


Future Developments. 

It would appear that tlie limiting factors at the 
present time rest with the X-ray tube, and hence future 
developments depend entirely on the prod^iction of 
higher-power Coolidge tubes before apparatus for the 
generation of still shorter wave-lengths can be manu¬ 
factured. 

With regard to the question of standardizing methods 



voltage than has so far beCn considered necessary for 
deep-therapy treatment. For this reason a greater 
latitude is allowed in the dimensions of the rotating 
switch, which jls 6 to 6 ft. long and occupies the whole 
length of the cabinet. The cabinet, as usual, encloses the, 
transformerand rectifying switch. The rotary switch is 
placed horizontally the whole length inside the cabinet. 
Noteworthy features of the apparatus are the inclusion 
of a Kearsley stabilizer, double-check milliammeters, 
and a conveniently placed sphere-gap voltmeter. The 
current stabilizer operating on the same principle 
as the TirriU ^regulator is all-important, as it keeps 
the current virtually constant, even if considerable 
fluctuations occur in the line voltages. The results 
of the researches at Schenectady have proved the 
advisability of introducing two milliammeters in the 
tube circuit. It was found that surges which, altliough 
minimized, are unavoidable have been known to cause 
a partial short-circuit in the shunted resistance across 
the ^uoving coil. A carefully calibrated nieter' of 
standard type was found to have failed in this manner 
after a very short period of use, and it was considered 
extremely improbable that two meters should fail 
in a similar manner at the same time. The voltages 
are measured by a voltmeter placed in the primary 
circuit of the transformer and calibrated against the 
sphere gap. Special attention has been given to the 
overhead system, which is made up of J-in. tubing and 
is so designed as to obviate all corona and attendant 
dangers. The output of the machine is ^ high as 
8,mA at 200 kV and has an equivalence of .50 mg of 
radium. As many as 45 of these ouflits are in use and 
are gi^dng v^y satisfactojy and consistent results. 


of measurement for X-radiation, it appears that authori¬ 
ties in the United States do not recommend the use 
of an ionization chamber in everyday work. In the 
laboratory, of course, this method is pre-eminent, but, 
owing to the many disturbing factors requiring highly 
skilled manipulation, average accuracy could, better 
be obtained by the use of a sphere gap checked by 
a primary a.c. voltmeter and double-check milliam- 
meters. Still further accuracy would be obtained 



by the inclusion of some form of current stabilizer in 
tjie tube circuit. Differences in wave-shape may be 
neglected, as tlie quality and intensity of X-rays pro¬ 
duced thereby are little altered, if . the radiation is 
standardized in the first pl^ce for the maximum peak 
voltage. , 

All sphere-gap measurements are performed in 
accordance with the recommendations and specifications 
issued by the Bureatt of Standards, of . the- Atneficaii 
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Institute of Electrical Engineers, a very well-considered 
publication which is always a point of reference with 
regard to the measurement of the higher order of 
voltages. 

Measurements in the laboratory by Dr. Coolidge 
were accomplished by means of the ionization apparatus 
shown in Fig. 10. The chamber itself is enclosed 
within a lead booth J in. in thickness facing the tube, 
and ^ in. elsewhere. It is found necessary, in order 
to protect the chamber from X-rays, to keep the door 
at the back closed throughout the measurement. 


Fig. 11 illustrates the detailed arrangement ^ of an 
ionization chamber connected with a dry battery and 
Bumstead electroscope. 

In conclusion, the author would like to acknowledge 
the assistance and courtesy accorded to him hy X-ray 
manufacturers in the United States. Also, special 
acknowledgment is due to Dr. W. D. Coolidge of the 
General Electric Co. Research Laboratory of Schenectady 
. and to Dr. H. M. Imboden, the editor of The American 
Journal of Roentgenology, for permission to use the 
extract of Dr. Coolidge's paper before publication. 


AN APPARATUS FOR DEMONSTRATING THE MAGNETOMOTIVE FORCES 
PRODUCED BY SINGLE-PHASE AND POLYPHASE WINDINGS.* 

By R. D. Archibald, Member. 

{Paper first received, 21^^ July, and in final form \Uh November, 1922.) 


Summary. 

. A description is given of a simple method of showing the 
variation in the M.M.F. of a single-phase alternator winding 
by the ’shadow of a vane attached to a rotating spindle. 

The application of the same principle to the case of poly¬ 
phase windings, and the method of arriving at the position 
and dimensions of the vanes, are explained. 

An apparatus is described which is arranged to. show the 
•MM.F. produced in the air-gap of an induction motor by 
the stator and rotor windings under load conditions, with 
the rotor either stalled or revolving. 


The apparatus described was devised some years 
ago by the author for the purpose of demonstrating 
the rotating fields of induction motors and other a.c. 
machines. Since then it has been improved upon, 
and it is thought that a description of it might be of 
interest. 

The principle on which it depends can be readily 
understood from the case of a single-phase winding 
with one slot per pole per phase (see Fig. 1). If the 
currents in the winciings vary according to a sine law, 
the amplitude, d, of the M.M.F. curve varies in simple 
harmonic motion from a positive to a negative maxi¬ 
mum. These variations can be shown on a screen by 
the shadows of vanes attached to a spindle rotated at 
a tmiform speed, the beam of light being parallel and 
directed at right angles to the spindle, as shown cn 
“Fig. 2. The radial lengths of the vanes are equal to 
Ihe maximum value of the M.M.F. The width of the 

. *^The !Papers^ Committee in^dte written communicatipns (with 
a view to publication in the Joumcd if approved by the Coni- 
imttee) on papers published in the /o«rn«f without being read 
' JJ < ^ ^®®hng. Communications' should reach the Secretary 
the institubon not later than one month after publication of the 
-paper to which they, relate. “ ' ^ * 


conductor has been neglected in Figs. 1 and 2, so that 
the M.M.F. curve is a rectangle. We shall continue 
for the present to neglect "the spaces occupied by the 
conductors in the slots, as these can easily be taken 
into account later. 

With several slots per pole per phase the M.M.F. 
curve is stepped as shown in Fig. 3, in which there are 
three slots per pole per phase, and the vanes have to 
be shaped accordingly. 

In the case of polyphase windings with one slot per 
pole per phase the vanes must have a width equal to 
the distance between the coil side of one phase and 
that of the adjacent phase. The radial length of the 
vanes must be equivalent to the maximum value of 
the resultant M.M.F. over the part of the armature 
periphery to which they correspond. The principle of 
construction is shown in Fig. 4 for the case of a two- 
phase winding. Tlie vanes representing the M.M.F.'s 
of each phase are shown unshaded at I, I' (corresponding 
to phase I) and at II, II' (corresponding to phase II). 
The vanes representing the resultant M.M.F.*s at various 
positions round the armature periphery (or along the 
spindle) are shown shaded. They are the resultants 
of the unshaded vanes at any point along the spindle 
and are used for projecting the M.M.F. curve produced 
by the two phases. The unshaded vahes are, of course 
omitted, being mentioned here only for the sake of 
explanation. 

The exact dimensions and positions of the resultant 
vanes may be determined as follows • 

Let a be the maximum M.M.F^ ‘produced by each 
phase—^i.e, the radial length of an unshaded vane. 
Consider the first^shaded vane at the left-hand end of 
the spindle. It is the resultant of vanes I and II' 
at right angles to one another and it will therefore have 



PRODUCED BY SINGLE-PHASE AND POLYPHASE WINDINGS. 377 


a radial length of and be at an angle of 46® to I 
and II'. If we measure the angular position of the 
vanes around the spindle in an anti-clockwise direction 
starting from the position of vane I, the angular position 
of the resultant vane can be defined as — 46. This 
is ,a timd angle. Distances along the spindle represent 
space angles or electrical degrees of armature periphery. 
The width of the vane expressed as a space angle is 
90 electrical degrees. Tlie positions, widths and radial 
lengths of the vanes can be tabulated as shown in 
Table 1. 

If there are several slots per pole per phase the 
M.M.F. changes at each slot, and separate vanes are 
required for each pair of adjacent^ slots, i.e. there 
are as many vanes as there are teeth. 


positions of the vanes which would project these M.M.F. 
curves are shown by the vectors to the right of the 
diagrams. 

The total M.M.F. due to all three phases is plotted 
in Fig. 6. The vector c^jagrams below the total M.M.F. 
curve show how the radial lengths and positions of the 
resultant vanes are found from those due to each phase. 
For example, vane a is the resultant of vanes I, II 
and III at the position marked a on the total M.M.F. 
curve. Each vane has a width equal to a slot pitch 
(since the slot width is neglected), or 20 electncal 
degrees. 

The horizontal and vertical components of the vanes 
of each phase and resultant vanes and their angular 
positions are given in Table 2. 




Fig. 3. 



Fig. 4. 



In order to show how the positions and dimensions 
of the vanes for a polyphase winding with several 
slots per pole per phase may be worked out on the 
above lines, an example of a three-phase winding with 


Table 1. 


No. of vane 
(startingfrom 

Radial 

length 

width, in 
electrical 
degrees 

Angular 
portion around 
spindle 

1 

a\/2 

0-90 

- 46 

2 


90-180 

45 

3 


180-270 

136 

4 

. 0^2 

270-360 

226 


three slots per pole per phase is given in Fig. 6. ’ The 
M.M.F,^s produced by each phase are shown at 11', 
III III', IIII'. The current, and therefore the M:M.F. 
in phase III, is a maximum, so that the currents in 
phases I and II are ha^f the maximum- The angular 


Wlien the resultant vanes are mounted on the spindle i 
over a space angle of 360 elecincal degrees their projec¬ 
tions in a direction parallel to the axis of the spindle 
appear as shown in Fig. 7. The ends of the projections 
of the vanes are on the hexagon (shown dotted). It 
is as important to have the projection of the vanes in an 
axial direction as it is to have it at right angles to the 
spindle, for the diagram so obtained gives a clear insight 
into the character of the winding. Each radial vector 
in Fig. 7 represents in phase and magnitude tlieM.M.F. 
opposite a tooth or space, with the corresponding letter 
in Fig. 6. The diEerence of M.M.F. between^any one 
tooth and the next is caused by the ampere-conductors in 
the intervening slot \ but the difference between any two 
M.M.F, vectors such as a and b (see Fig. 7) is the line 
^joining a and b,' Such lines as ab, “ be, • etc., there- 

* fore represent in phase and magnitude the ampere¬ 
conductors per slot between a and b,. b and c, etc. 
These distances should all be -equal in this’case, since 
the number of conductors per slot and the maxi mum 

.-current in each is.the same^ and it the vanes, have 

• been properly calculated by the preceding method it 
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ends of the -vectors in Fig. 7 
divide the hexagon into two equal parts. 

of ^ positions 

+Lo r®® this dia^am than by 

the preceding method, by draw^g the vectors of ampere- 
conductors per slot so that they are added togiker 
and form a closed polygon in 360 degrees. Radii are 


from the simple forms. A number of M.M.F. diagrams 
constructed on this principle for such windings are 
given in an article by W. Stiel in the SckweizeHscher 
Elektrotechnischer Verein Bulletin for January, 1922. 

An example of this method of construction is given 
in Figs. 8, 9 and 10, which show a three-phase winding 
•with three slots per pole per phase short-corded by one 
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Fig. 6. 


then drawn from tlie centre to the junctions of .tlies§ 
vectors, tlius giving the required positions of the vanes. 

Witli symmetrical, full-pitch windings the figures 
bounding‘the vanes a»e sixhple, e.g. a hexagon for a 
three-phase winding, a square for a two-phase winding, 
and a 2n-sided figure fom phases. With short-cordecj. 
windings the shapes of the fibres are slightly modified 
and with variable-pole windings differ considerably 


slot. The current vectors are shown in Fig. 9, and the 
M.M.F. diagrams in Fig. 11. The M.M.F.'s at a, b, 
c, etc., in Fig. 8, are shown by the vectors oa, ob, oc, 
etc., in Fig. 11, If we call the maximum current in 
^y one conductor 1 ampere then the ampere-conductors 
in the slot between a and b (Fig. 8) • are two, since ea ch 
conductor is carrying a . current given by the vector 
III' in Fig, 9, Let 1 cm = 1 ampere-conductor. The 
line ab (Fig. 11) is therefore drawn vertically upwards 
and of length 2 cm. The slot between b and c contains 
one conductor carrying the current given by the vector 
II in Fig. 9, and one carrying current given by the 
vector III'. The length be is therefore the resultant 
of a distance of 1 cm drawn in phase with the vector 
II, and 1 cm drawn in phase with the vector III'. 
Similarly, cd is 2 cm drawn in phase with the vector 
II, and so on. 

In order to show the more correct trapezia form of 
M.M.F. curve it is only necessary to narrow down the 
vanes to the width of a tooth and join the outer comers 
of the adjaceht vanes by a straight thread or wire. 

, The outer edges of the vanes then trace out the MM.F.'s 
over the teeth, and the threads or wires ^ace the 
MJW[.F.'s over the slots. The idea wifi be gathered 
from Fig. 10, which shows three vanes connected in 
this way and the shadows produced thereby. 
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The apparatus so far described is suitable for demon¬ 
strating simple pulsating or rotating M.M.F/S, such as 
occur in an induction motor on no load, but in a modified 


and 17 are the axial projections of spindles carrjnng 
vanes. The shadows of these vanes cast by a beam 
of light in the direction across the spindles, shown by 



Fig. 8. 


form it may be used to represent the resultant M.M.F, 
in the air-gap of an induction motor oi? load. Fig. 12 
shows a stator winding having two slots per pole per phase 


the arrow, would project the M.M.F. diagrams in Fig. 18 
superimposed as shown. For this purpose the vanes 
must be transparent. In the device used by the author 


Table 2. 



Components of phase M.M.F.*8 

Resultant 


Vane 

Vertical 

Horizontal 

Components 

Radial 

Angular position 










length 




II 

in 

I 

n 

in 

Vertical 

Horizontal 



a 

i 

i 

-i 


0 

- 1-/3 


-VS 

1*76 

1 

ri80° 

L - 10° 64' 

b 

h 

B 

-i 

-IV3. 

0 


1 

- 

2 

1 

1 

ri80° 

L - 30° 

c 

h 

■ 

-i 

-JV3 

0 

-1V3 

n 

CO 

> 

1 

1-76 


ri80° 

L ^ 40° 6' 

d 

i 

■ 


-JV3 

0 

JV3 

If 

-fV3 

1-76 . 


ri8o° 

1 — 70° 64' 

e 


■■ 

i 

-1V3 

0 

1V3 

2 

0 

2 

90® 

f 

* * 


i 

-JV3 

0 

JV3 

If 

iV3 

1-76 

70° 64' 

g 



i 

iV3 

0 

iV^ 

If 

fV3 

1-76 

49° 6' 

h 

-k 


i 

iV3 

0 


1 

V3 

2 

30°, 

i 

-r 

i 

i 

iV3 

0 

iV3 

f 


1-76 

10° 64' 


and a rotor with three slots per pole per phase, both 
windings being full-pitch. The rotor is shown in such 
a position that the rotor phases areHJpposite the corre¬ 
sponding ones in the stator. The stator currents are 
given by the vector diagram in Fig. 13. Let the angle 
of lag in the primary circuit be 30® so that the E.M.F. 

in phase II is a maximum. The vector diagram of 
stator and* rotor current, so far as phase II is concerned, 
will lien be as in Fig. 14. From the primary current 
J 2 and the magnetizing current we find the rotor 
current J', and hence draw the vector diagram of the 
rotor currepts in each phase in Fig. 15. The radial 
diagrams for plotting the M.M.F. curves can now be 
constructed as in Figs. 16 and 17, Normally the 
M.M.F. of the rotor opposes that of the stator, but 
since we want to show the difference between the two 
curves, we invert cne curve, say that of the rotor, and 
plot the; curv:^ as shown in Fig.♦IS. The resultant 
M,M.F. at any point is then given by the vertical 
distance between the two, curves. 

-Now consider that- the,radial diagrams in Figs. 16 


each vane is made of a couple of thin spokes with 
a thread or wire stretched across the ends, as in Fig. 19. 
In order to show the movement of the field with the 



the same speed, Auti-clockwise rotation causes the 
field in this case to move to the rijght. In order to show 
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the movement with the rotor revolving it is necessary 
to move the spindle carrying the rotor vanes in an axial’ 
direction, i.e. into the paper in Fig. 17. Synchronous 



Fig. 11. 


speetl is shown by moving the spindle along without 
rotation in the direction of, and at the same speed as. 


relationship between the stator and rotor field is main¬ 
tained. Thus, if the slip were positive the spindle 



Fig. 18. 

would have to be given a small anti-clockwise rotation. 
The device used to produce gliding alone, or gliding 


Stator 

JC JL ^ i JL, i 

c5o <i> ® o o ®® 


r 



Fig. 12. 


the stator field. Slip is shown by moving the spindle 
at a speed greater or less than that of the stator 



Fig. 13. Fig. 14. Fig. 15. 



field by the amount of the slip, and rotating the spindle 
at such a speed and in such a direction that the phase 


and rotation combined, is shown in Fig. 20. The spindle 
Sj carries the stator vanes and S 2 "the rotor^vanes. On 
Si is fixed the pulley p^ of diameter d. This pulley is 
detachable and can be replaced by gthers of different 
diameters. For showing synchronous speed d must 
be such that Trd equals the distance along the shaft 
which represents one cycle. To represent a slip of. 



Spundle 
Fig. 19. 


say, j5 per cent, d would have to be 5 per cent smaller. 
A negative. slip such as would occur in: au induction 
generator would require d to be 6 per cent larger. A 
cord is attached, to ^e shaft at a, carried alcmg parallel 
to the; shaft to the eyelet at b and* thence round-the 
pulley pi, so thalf as Si rota;tes it draws .^tlong at the 
required speed. , Rotation qf the shaft §2 iS‘*prQdneed 
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by th«^ pulleys pg and ps- The pulley P 2 revolves on, 
ihe sleeve c attached to tiie carrier. The shaft S 2 . 1 
which has a long feather, f, on it, passes through c and 
bears on the disc g attached to p 2 . The disc has a 
key-way to fit the feather. The shaft can slide through 
P 2 in an aaial direction whilst it is rotated by the pulley 
P8 on si. The pulley ps is detachable and can be 
replaced by others of different dimensions for different 
slips. 

To show the rotor stationary, ps must have the same 
diameter as p 2 . For S 3 mchronous conditions the belt 
from p 2 to ps is removed and the pulley P 2 held stationary, 
as the shaft S 2 must not rotate. For a slip of, say. 



Fig. iO. 


B per cent the'pulley p 3 must have a diameter equal 
to 6 per cent of that of p 2 . 

A useful addition to the apparatus is an arrangement 
to show the variation of the ampere-conductors per slot 
in the stator and rotor as the M.M.F.'s vary. This can 
be done by placing a drawing of the stator slots on 
the upper part of the screen and showing the variation 
of current''by means of the shadows of vanes on a 
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spindle rotating at the same speed as s^. Each vane 
is opposite a slot and of radial length proportional to 
the ma 3 dmum ampere-conductors per slot. For the 
rotor the spindle carrying the vanes is arranged for 
axial motion and rotation in the same manner as S 2 > 
and a drawing of the roto? slots is placed on a slide wliich 
is drawn along at the same speed as the spindle S 2 . 

Very often only a simple demonstration is required, 
without the complication of the teeth. For example, the 

0©@0®®®900©©©©®©®®®® 



Fig. 21. 


M.M.F. curve of a creeping three-phase full-pitch winding 
such as is shown* in Fig. 21 can readily be shown by 
placing a number of spokes along the spindle at equal 
distances apart and spaced at angles of 6Q® round the 
spindle so that their projections along the spindle are 
radii to the comers of a hexagon. The ends of these 
spokes are then joined by straight, stretched pieces of 
wire or thread. 
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DISCUSSION ON 

'THE POSSIBILITIES OF TRANSMISSION BY UNDERGROUND CABLES AT 

100000/150000 VOLTS.”* 

Scottish Centre, at Glasgow, 12 December, 1922. 


Mr. A. E. McCoU: Jona, at the International 
Electrical Congress in 1904, described a rubber paper- 
graded cable, which was built by Messrs. Pirelli of 
Milan. This cable had, I believe, four gradings, and 
was designed for a working pressure of 75 000 volts. 
By interposing insulating material of varjdng specilic 
inductive capacity in layers, a high electric strength is 
obtained. The choice of suitable materials is, however, 
rather Undted, and the strengthening of the cable on this 
principle is- not a commercial proposition, owing to the 
price of the materials available. Mr. Beaver -f in 1916 
put propOTals before us for an intersheathed cable, and 
tins oertainly looked more promising than the original 
proposals of Jona and Russell. One difhculty in the 
interaheath method appears to be that the intersheath, 
being comparatively light, runs the risk of fusing or 
overheating due to the passage of large capacity currents 
on long lengths of cable. Further, it seems to me 
ttat any attempt to anchor the potential on the inter- 
sh^th scheme will necessitate, on long cables, either 
resistances or transformers of large kVA capacity to 
absorb the energy in the capacity current. The author’s 
cable seems to be an advance on the previous inter- 
s eath tj’pe^ m that the intersheath is now emplo}’'ed 
to carry actual load current and the dimensions for 
the same maximum stresses are reduced. We can 
raise the pressures by emplo 3 ring single-core cable, but 
a certam loss is entailed, due to the sheath. The 
oontmmty of the sheath may be interrupted at frequent 
intervals, in order to suppress the secondary current 
which naturally tends to flow. With large currents, 
however, tod mcreased spacings between conductors, 
considerable potentials may be obtained on the open- 
OTcmt^ sheath. The safer method, therefore, seems 
«.K«. -fu*” i^*^***^ caused by short-circuiting the 

intervals. In this connection I 
should hke to have the author’s estimate of the increased 
oss in Ms rable due to the short-circuited sheath. I 
author is correct in assuming 
caWe can be incretoed by 
Charging current, as this rehef would 
supply end, the receiving end still 
btosmit the wattless current between the 

rSiotX°^ inductive load at the 

^ote end. One of the most interesting parts of 

SdlWoovolt*5f between 30 OQO-volt 

Ma 100 000-volt transmission. I do not think that the 

a less expensive sSeme 

S ooo oooT 1 °"* 30 000-volt transmission 

i 60 oooiw o transmission 

ot 60 000 kW a distance of 30 miles, and in this countrv 

'™«w m .01 frotabUllj. be tte totter V,opositfo„ S 


the conditions are such as to preclude the possibility 
of overhead lines. The .use of cable sucli. as the author 
has described is more likely to be of value in linldug^ 
up an Overhead line where intermediate stretches are, 
on account of local conditions, prevented from con¬ 
tinuing overhead. 

Professor GC W. O. Howe: The fundamental idea 
of the proposed system is a very sound one. It is 
well known that the weak point of high-voltage cables 
is the fact that the inner layers are stressed very much 
more than the outer layers. I am not very clear about 
the author's object in the first three or four pages of 
the paper, in which well-known results are apparently 
reached by a roundabout and approximate method, 
whereas the results can be obtained accurately with 
much less trouble. The author mentioned that, know¬ 
ing the loss in the lead sheath and also its resistance, 
the current in the lead sheath could be calculated.- 
It seerns to me, however, to be a complicated calcula¬ 
tion, since, after finding the loss in the lead sheath, 
one requires to know the distribution''of the current 
m the lead sheath before that current can be calculated. 
The mstribution of the cQrrent over the section of 
the sheath is by no means a simple thing to determine. 

I do not know whether the statement occurs in the 
paper but it was made by the author wh^n expounding 
the paper. He made rather a strong point of the 
heanng at that part of the cable which is fhearest the 
conductor. Has it occurred to him that, instead of 
winding concentric conductors round a large central 
core, he might wind them round a lead water-pipe 
^d pass water through the pipe ? I am afraid that 
ms will not impress the mains engineer as being a 
happy idea, but I do not know that i'c is any more 
fe^ome than some other proposals in the paper, and 
I do not know that the mains engineer would be very 
much more worried with the water-pipe than in making 
and maintaining the 100 000-volt cable joints. There 
details of nomenclature to whicli I 
should hke to call the author's attention. On page 222 
the caj^city of air is given per cubic cm, as if it were 
a function of the volume, instead of per cm cube.; 
whfie on page 223 the author uses the term specific 
^istivity." The resistivity is the specific resistance. 
On page 222 the author starts frpm the logarithmic 
formula and proves that the current is approximately 
^ matter of fact the logarithmic 
fornmla is based on the assumption that the current 
IS the same throughout the dielectric. In Pig 3 
M = 22 cm and r = 0-66 ; R/r == 34, tlierefore 'the 
^pacih^ of two thin layers of the«dielectric, one on 
the outside and the mother on the inside, will be in this 
ratio ^d, the current being the same, the voltages 
must be inversely Voportional.. Assuming a constat 
power factor, the heat developed per cubic cm will be 
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342 = 1 150 times as great at the inner as at the outer 
surface’ This reasoning is much simpler than the 
method followed in the paper, by which the ratio of 
800 is obtained by taking | cm layers. 

Mr. A. P. Stevenson: When Mr. Beaver read his 
paper in ljpl 5 , I asked for evidence pf paper insulation 
having broken down, due to the inner layers being too 
highly stressed. We are still waiting for it. I think 
that it is more economical to use the ordinary strand 
than the hemp-cored, and thicken the insulation to give 
the same overall diameter. According to our present 
knowledge, six single cables would be more economical 
than two triple concentric cables for 100 000 -volt trans¬ 
mission. 

Mr. D. Berry: In the slides shown^by the author 
there was an example of a single cable with, a hempen 
core. It occurs to me that should a fault develop and 
moisture get in, this cable would break down. . I under¬ 
stand that there has been some trouble in connection 
with the French cables, this trouble being attributed 
to mechanical damage. Our experience on a voltage 
of 20 000 with single cables has been that mechanical 
damage is not unlikely; • the cable is so flexible that 
it is easily damaged, and sufficient care is not always 
exercised in the bending or handling. This is one obj ection 
to the use of single cables for high voltages. For voltages 
below 60 000 I do not suppose that methods other 
than those adopted at present are required, and I 
understand that»a 60 000 -volt three-core cable has been 
laid and is operating successfully. W’hile I do not 
think that transmission by underground cables at 
100 000/150 000 volts is of immediate moment, the 
matter raised by the author is of great interest, and 
I should be glad if he would give further particulars 
in regard to tfie insulation which he proposes that the 
cable makers should adopt for his cable: I should 
also be glad if he would indicate what wre might expect 
in the case of a number of cables laid in a nest of ducts. 
It may be that'^in coming away from a station the 
cables are laid for some distance in ducts, and it is 
therefore to be expected that a great amount of heat 
mil arise when the ducts are fully occupied. The 
cumulative efiect due to the interaction of temperature 
and dielectric losses on the heating of the cables may be 
a vital factor at the high voltage proposed, and I should 
like the author’s assurance that perfect safety, at an^^ 
rate, can be looked for from, say, a number of cables of 
his design laid in the duct line for a certain distance. 

Mr. A. P. Robertson: Fig. 13 shows the method 
of finishing-off the end of the cable so as to redxice 
the potential gradients at the approach to a joint, and 
it is stated that this is performed at the makers' works. 
It is not alw^ays possible to know exactly the length 
of a cable and where the joint will be. It looks rather 
a difficult joint. If a cable had to be cut, could 
the special insulation be put on in place? Fig. 11 is 
very complicated. The connections on a rotary con¬ 
verter are usually considered to be complicated, but as 
they are all in one station and close to each other it is 
a comparatively simple matter to check them; but in the 
case under consideration there are some 30 miles between 
* the different sets of connections and, al)art from the cost 
of these transformers and ;bhe space taken up by them, 


the risk of making a wrong connection seems to me 
to be very great. If it were only to be done twice, 
i.e. at each end of the cable, it is possible that no 
mistake would be' made, but the author mentioned 
that on the route there may be tappings takei;i to sub¬ 
stations. Would all th&e connections have to be 
made again at every substation ? If so, the system 
would be very complicated. 

Mr. G. W. Marshall: Practically the whole of the 
paper is devoted to the discussion of the question of 
dielectric stresses in the cables of the author's trans¬ 
mission system, and the actual question of power 
transmission is dealt with only in the most superficial 
manner, I am of the opinion that this point should 
have been thoroughly discussed before the question of 
dielectric stresses was touched on at all. It may be 
quite obvious to the author that the six-phase system 
winch he advocates is workable, but he has b^en unable 
to convince me that it is so, either in the paper or in 
his exposition of it at this Centre. If, however, it is'* 
granted that the system of power transmission is prac¬ 
ticable, I do not think that the objections raised by 
the Electrician—that the protection of the system 
would be almost impossible—hold, as this could readily 
be done on the low-tension side of the step-up trans¬ 
formers. From my own standpoint I feel that the 
paper is in a form wliich is wholly unintelligible to the 
majority of the members. 

Mr. A. M. Taylor (in reply ): In reply to Mr. McColl, 

I may say that I fiilly appreciated the difficulty of the 
risk of fusing or overheating the intersheaths during 
the passage of large capacit 35 ^ currents, qwing to a 
breakdown at any point of the cable. There is no 
difficulty with these capacity currents in normal 
w'orking, but it is admitted that during a breakdown 
they may be large. This difficulty is, however, suffi¬ 
ciently guarded against, partly by the copper section 
having to be sufficient to. carry the ordinary load 
current, and more particularly by the arrangement 
shown in Fig. 12, whereby all the onus of transmitting 
large discharges of current, dup to faults in the cable, 
is put upon the central core, which is of ample section 
and cannot be damaged by such currents. I do not 
quite. appreciate Mr. McColl's point that " any attempt 
to anchor the potential on the intersheath scheme will 
necessitate, on long cables, either resistances or trans- 
fomaers of large kVA capacity to absorb the energy 
in the capacity current." If he refers to the conditioU 6 
^obtaining under normal working, I may say at once 
tliat, as far as I can see, all that is necessary is to have 
the six-phase transformers of sufficient capacity and 
sufficiently low reactance to maintain their voltage 
when passing the normal capacity currents. Under 
abnormal.and breakdown conditions the discharges'axe, 
as 1 have already stated, taken care of by the central 
core, and in any case I fail to see how resistances would 
help the matter. 

Mr. McColl's remarlcs in regard to the loss due to 
short-circuiting the lead sheath at regular intervals 
appear to be due to a misreading of the paper, because 
this is the only method considered therein, and the 
figures for loss given on page 221 are expressly for 
that condition. Mr.. McColl further remarks that . he 
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does not think that the capacity of the cable can be 
increased by relieving it of the charging current. I 
think, however, that he has not fully considered Fig. 15, 
and I would suggest that the principle of subdivision 
between^ the different sectionalizations of the line can 
be continued to any extent‘^desirable. 

In reply to Mr. McCoirs remark to the effect that a 
separate station would, in all probability, be the better 
proposition if the conditions are such as to preclude the 
possibility of overhead lines, I may say that, for the 
addition of another £80 000 or so outlay for copper, 
my scheme could be employed to transmit 100 000 kW, 
and that under these conditions I assume that the 
annual charge for interest and sinking fund on the 
cables for a 30-mile transmission will not exceed about 
0*036d. per unit transmitted, i.e. about the cost of 
transmission of coal. If, however, as I anticipate from 
recent conversations with cable makers, it becomes 
possible to employ approximately 160 000 volts in 
transmission, then over the same cables it will be prac¬ 
ticable to transmit 160 000 kW, and under these con¬ 
ditions the capital charge on the cables would be reduced 
to about 0«018d. per unit transmitted. This would be 
of the order of only 60 per cent of the charges for coal 
transmission. Conversely, the distance might be raised 
to 60 miles and even considerably more, if arrangements 
could be made for suppl 3 dng the capacity current in 
the manner indicated in the paper. The foregoing 
.figures are for a 40 per cent load factor and do not 
take account of the loss in transmission. 

In reply to Prof. Howe, I gather from Clark and 
Shanklin's^ tests that the cross component of the current 
in the lead sheathing is of nothing like the same 
significance as the longitudinal component. No doubt 
the cross component becomes more important as the 
centres of the three cables more nearly approach one 
another. On the other hand, according to Mr. Dun- I 
sheathes tests, even where they approach one another 
very closely—as in his three-core cable—this effect is 
not so serious as to be prohibitive. In any case, the 
losses in Clark and Shaiiklin*s cable C —upon which 
I have based my estimates for the losses in the cable 
shown in Fig, 1—were obtained by careful measurement 
and include the loss due to these cross currents. 

With reference to Prof. Howe’s remarks as to the 
100 000-volt cable joints, I.am assured by .two, if not 
three, cable makers, that they do not anticipate any 
:particular difficulty in tliis respect. Moreover, the 
joints in my scheme are not 100 000-volt joints 
‘they merely consist of a succession of joints with 
30 000 volts between each, and the outside joint has 
only 16 000/20 000 volts between it and the lead 
sheathing. , , 

. I would refer Mr. Stevenson to a paper read before 
the American Institute of ..Electrical Engineers by 
Messrs. Middleton, Davis ^ and Davis, in which ^e 
numerous cases of cable lengths being broken down 
due to the stresses being tod heavy. 

In reply to Mr. -Berry, who refers to mechanical 
damage arising froirf the cables being too flexible, I 
think he .can hardly ha[ve realized that, in the present 
case, the cables will certainly not suffer from this fault, 
•particularly if they are steel-wira sheathed. With 


regard to his suggestion that I should give^ further 
particulars of the insulation which I propose that the 
cable makers should adopt for my cable, I would say 
that this matter has been left with the cable makers, 
and I believe that impregnated paper, employing a 
mineral-oil base, is what they would recommend. 

In connection with the heating of cables in ducts 
I think that Mr. Berry has not appreciated that I am 
only considering trunk-line transmission along the main 
lines of railways, where not more than three cables 
would be together on each side of the railway. These 
cables would be, preferably, carried above ground and 
sheltered from the direct rays of the sun, and space 
would be allowed between them for the circulation of air. 
I think, also,'that he has not appreciated that only 
six cables would be required to transmit 100 000 kW, 
and possibly 200 000 kW. 

Mr. Robertson, in common with Mr. Berry, has not 
appreciated the fact that my cables are primarily 
intended for laying along the sides of a railway track, 
being carried a few inches above ground, where the 
position of a joint would be very readily adjustable. 
I do not see why a selection of cable lengths, all within 
a foot or two of one another, should not be supplied 
on different drums in cases where there is any likelihood 
of difficulty in finding suitable spots for the joints. 
As regards the final joints leading into the power house 
or the substation, it would not matter if these came in. 
the ordinary part of the cable, because thev would be 
jointed under exceptionally favourable conditions, and, 
being so few in number, very particular care could be 
given to them without undue expense being incurred. 

In reply to Mr. Robertson's inquiry as to whether 
all the tappings would have to be mad^ at every sub¬ 
station, 1 would suggest that the cables would be simply 
I opened out at the substations and carried to suitable 
! terminals or busbars, and though, of course, con¬ 
siderably greater care would be necessary than in tlie 
case of existing systems to see that all the connections 
were absolutely correct, yet this only occurs at the 
initial installation of the line, and is, I am sure, not 
beyond the capacity of many of our erecting engineers. 
The joint shown in Fig. 13 looks unnecessarily com¬ 
plicated, because at tlae time when that figure was 
prepared I was considering lead interslieaths under 
both the outer and intermediate cores. 

I Submit that the complications which Mr. Robertson 
sees in connection with Fig. 11 -will disappear on better 
acquaintance with the scheme. 

In reply to Mr. Marshall, I believe tliat a few words 
with me. would lead him to withdraw the statement 
that'he is not satisfied that the six-phase system is 
workable. I have found that in all cases where I have 
had an opportunity of discussing the matter in detail with 
any engineer, the ' difficulties at once disappear. If 
Mr. Marshall will communicate with me direct, I shall 
be v6ty pleased to endeavour to take' up with liim any 
points which he may find difficulty in accepting. From 
my own point of view, I cannot* see any practical 
difficulty in the matter of the transmission of the* power. 

I have looked quite carefully into the question, both 
by myself and iif conjunction with other engineers, and 
no slip in my deductions has 3 ret been pointed out, ' 
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I regret if the point has been badly presented, bnt 
mv reply to this must be that, having satisfied mysdf 
that the six-phase transmission was perfectly workable 
from the point of view of transmitting the power, it 
became of prime importance to demonstrate where I 
had ^ected real progress (in the voltage that might be 
employed), as otherwise my critics would ha-^^ smd 
that what I was bringing forward produced no effective 


result beyond wbat could be effected by ordinary 
methods with much less complication. 

I submit, however, that if I have succeeded in 
trebling the voltage which can be obtained with ordinal 
methods, a small amount of complication in tl\o initial 
connecting up will not militate against the scheme, in 
view of the advantages effected by such an increase in 
voltage. 
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Mr A. E. Malpas: As regards the subject df under¬ 
ground cables to work at 160 000 volts, ^toe usual lumt 
of diameter for an armoured cable is 4 in., any greater 
value involving serious risk of cracked msulation. It 
is quite probable, therefore, that a cable with an inter¬ 
mediate lead sheath such as the author proposes, after 
having been roUed on and off the drum would cont^ 
incipient cracks which might not be noticeable undM 
a pr^ure of, say, 45 000 volts, but which might easily 
le^ to breakdown under the higher pressure, more 
particularly when the effect of surges is takp mto. 
^ount. I should like the author to say why he finds 
it necessary to introduce the intermediate lead sheathing 
below the outer conductor of the cable. It would 
almost appear that as the lead is at the same potential 
as tlie copper, the latter itself could have been used for 
the purpose in view and the lead sheathing suppressed. 
Assuming for the moment that the method suggested 
be feasible and that the estimate of cost given m 
Appendix E be correct (I have no means of checkmg 
the latter), then the cost of the capital charges at 7|- per 
cent is 0-666.,per kWh on a relatively short hne of 
30 miles. The cost of the installation amounts to 
7s 6d. pOT kW per mile, which seems a low figure. In 
his recent address • our Chairman quoted the c^e of 
a 260-mile transigission line in America on whi^ the 
transmission charges, including capital and depre^teon, 
amount to only 0-16d. per kWh, so that on this ba^ 
an undergound cable of equal length and voltage would 
increase the cost of power by 4*4d. per kWh, or nearly 
30 times as much as in the case of transmission by over¬ 
head lines. , j. X 

Mr. W. Holttum: The development of paper- 
insulated cables has led to the use of increasingly Mgher 
values of maximum stress in the dielectric, until it now 
appears that we are within sight of the limiting voltages 
of transmission by impregnated paper-insulated 
due to,the limit of dielectric stress having been reach^. 
In this paper we have an attempt to increase the possmle 
voltage of transmission by other means. The author 
has shown very clearly in Section III the inherit 
disadvantages under which the dielectric of a cable 
works, owing to the concentration of stress and heat m 
the near the copper surface, and he attempts 

to overcome this by the use of intersheaths. The paper 
affords a very interesting object lesson of the ^d of 
arrangement which results from such an attOTpt. 
Fig. 6 illustrates an application df the principle of 
intetsheaths and clearly shows t^t, while so^ 
redistribution of stress is obteined, the current earned 
• See ^age 31. 


by the outer two cores is at a lower voltage than tiiat 
in the centre core, i.e. the coppar in the ou'^ two cores 
is carrying less power per square inch of cross-section 
+>.an that in the oentre core. In the second paragraph 
of Section V the author states that by his systmn all 
the cores are utilized “ equally for the passage of heavy 
load currents without seriously diminished voltage on 
each circuit." • This seems to be a vital point in the 
whole scheme, and I contend that whatever is gamed by 
the redistribution of voltage gradient in the dieleci^ 
must necessarily be counterbalanced by a lower effective 
working voltage of a portion of the copper, and any 
apparent gain is entirely illusory. The method of 
jointing in which the end of the cable is prepared m 
the factory as shown in Fig. 13 prevents any adjustment 
of joint positions in laying except by burying superfluous 
cable, and in some places this feature would be a serious 
inconvenience. The protection afforded by the extra 
sheath is apparently lost at joints, where penetration ■ 

the outer sheath would allow moisture to, enter tee- 
middle of the cable. In addition, jointing would be 
difScult and costly. I should like to comment in detad 
on the conclusions* given in Section VII, and I surest 
that on examination they do not show very much m 
favour of tee system. The first four pomts emplu^e 
reliabUity only. It may be argued that the re^ihty 
of ordinary three-phase cable transmission is satisfactory, 
and probably as great as teat in tee autiior’s system, 
considering that several cables would have to be used 
to transmit sufficient power to just^ its use, and that 
not more than one cable would be likely to break dovra 
at once, in wMch case one of tee ordinary type coidd 
be replaced more simply than one . of these speoal 
cables. Conclusion (6) appUes in some measure to my 
three-phase cable, and on a 30-mile U” W 

able powrar-factor improvement would be ^ect^ by 
4he capacity of ordinary three-core cable. Condua^ 
as already suggested, is compensated for by tne 
reduced power transmitted per square “ch of COPP® 
section of the outer cores. Conduaons (7) and (9) 
appear to require further explanation, and m any_ case 
are Ught-load advantages only: the same advantages- 
would appear to be gained in ordinary tiansimsaon 
with a number of cables by switching te only suffiaent 
SLi for tee load. Condusion (10) does not appem 
ta offer any advantages over an ordmary s^tem white 
would be extended to deal^with a growmg load by 
adding more cables. Condusion (H) offers 
in view of tee economy of three-core construction on 

^ Stoce superseded by others which will he found ia the pajper 

as printed in the J6urmU 
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the one hand, and on the other the fact that with 100 000- 
volt single-core cable the core would almost certainly 
be made solid with a view to making use of the whole 
copper section. Conclusion (12) is merely negative. 
This leayes only conclusion (8), which appears to be 
rnuch more than counteroalanced by the three 
disadvantages stated in the paper. I would suggest 
that the system described in the paper would be more 
easily understood if Fig. 7 were given in greater detail 
showing exactly how the transformers are individually 
connected and how the three-phase supply is fed in, 
Mr, T. D, Clothier ; Many of the diagrams and other 
matter in the paper bear evidence of evolutionary stages 
of what is presented as the main subject; for instance. 
Fig, • 13 illustrating the suggested cable end, apart from 
being a separate idea, shows two inner lead sheaths, 
three in all, there being no reference to these elsewhere. 
The purpose of other diagrams is hardly apparent, and 
those essential are insufficiently explained. There are 
•apparently four transmission systems, three being similar 
andidescribed as six-phase, but they seem to be really 
three-phase six-wire combinations at 60 000 volts across 
each separate phase, there being no interconnection at 
the middle position. Bach of these similar parts is 
referred to in the paper as a " hexagon ** and is repeated 
three times; ^cept as regards the selection of the 
common earthing point the author has made this 
reasonably dear. Here, however, I at least have been 
unable to decide where and how the fourth system 
referred to as the ** major star ** is connected in or 
superimposed upon the two inner conductors in each 
of the thre^systems. At first, Fig. 7 seemed to give a 
key to these bransformer connections ; on examination, 
however, it appears that two single-phase supplies with 
a 30® difference of phase are separately produced from 
somewhere and superimposed on two "hexagons.*" 

I suppose that in the case of the three-phase combination 
all the circuits are in some way derived from one simple 
three-phase generated supply, and that all are again 
re-convertible. An ordinary diagram of connections 
would have been very much appreciated. The author 
only compares the cost for the proposed S 3 rstem with 
that of transmission by 10 cables at 30 000 volts, and 
no comparison is made with the cost of ai straight 
100 000-volt systepi with earthed neutral using 67 000- 
volt single-core cables, it being presumed probably 
^at these cables cannot be manufactured. It is shown 
in the paper, however, that three sets of these cables, 
My two of which‘Would be sufidcient to transmit the# 
pow^ under consideration, would contain only 1«666 
sq. in. of copper section against. 2 * 632 sq. in. in the 
author’s six cables, hence, if this type of cable can be 
made, it will no doubt summarily dispose of any 
application of the author’s proposals. An attempt to 
reconstruct the system from the schedule of equipment 
was no more successful. A total of 42 transformer, pf 
ratios, with an aggregate capacity of 
227OOOkVA as compared:with 30 similar transformers- 
of 126 000. kVA proposed ^for the 30 000-volt system, 
seen^ to reqime some fUrther explanation. The diagram 
at the cable in Fig. 6 gives a'misleading impression of. 
a section of the cable, for the outer conductor is placed 
upon^a lead sheath of over 3 in. dk^eter, but it has an. 


area of only 0‘ 08 sq. in. and consequently will be made 
up of rather fine strands ; the area, for instance, compares 
with 0*107 sq. in, for the intermediate conductor. 
Again, the finance (at the end of Section VI) based upon 
the estimated annual saving of £376 is certainly faulty, 
and as it is not essential to the merits ofi the main 
theme it seems regrettable to have introduced it. The 
essential proposition contained in the system seems to 
be to transmit one half of the power at 60 000 volts 
through 6 cbnductors, arranged in pairs of triple- 
concentric cables with a common neutral point in the 
centre of one phase, and to use the intermediate and 
outer conductors for the purpose of splitting the dielec-txic 
into thiimer sheaths than would otherwise be necessary; 
and at the same time to superimpose additional current 
upon the inner cores in order to transmit a similar 
amount of power at a pressure of 100 000 volts. The 
proposal seems to be quite feasible and an advance 
on previous suggestions to use intersheaths for this 
purpose, but its commercial application depends largely 
upon the possibility of producing reliable single-core 
cables capable of working at the/same pressure without 
the intersheaths. 

Mr. A. B. Mallinson : In his opening remarks the 
author speaks of having had ofiers from two or three 
cable makers to make and lay high-pressure cables 
which would be guaranteed for one j^ear; such a short 
period would be totally inadequate to secure considera¬ 
tion for a proposition. I entirely endorse the remarks 
made by Mr. Holttum about the method of finishing- 
off the ends of a cable, as^sho-wn in Fig. 13. One can 
imagine the hopeless position of the mains engineer 
who has to have the finished joint on the end of his 
main made at the makers* works. 11 is utterly impossible 
for anybody to give a definite length for a cable to be 
laid underground, as one may come across Obstructions 
which mean diversion when the ground has been opened 
up. One has to assume, therefore, - 1;hat there would 
be little loops to be accommodated at the ends, which 
would certainly not be advantageous. To my mind the 
important part of the paper centres on the conclusions 
given on page 232; if all the claims can iS’e substantiated 
they certainly constitute very important and valuable 
advantages, but the disadvantages compared with a. 
30 000-volt three-core line are equally vital. I par¬ 
ticularly notice that the induced currents in the lead' 
sheathing are considerably mcreased where the cable 
centres cannot be kept within 6 or 7 inches. I cannot 
see how the author can get his cables so close, unless 
they axe laid on top of each other, which would be, 
unsatisfactory; and further^, even if this could be done, 
it would mean quite a large cross-section for the main as • 
a whole, difficulties in underground layifig being tliereby 
increased. 

Mr. W. P. Fuller : I think that the author has 
exaggerated the effects of temperature on cables. It • 
does not seem clear whether the remarks in the paper and 
the curves shown on the lantern slides refer to d.c. or 
a.c. resistivity. The fact tliat the d.c. resistivity falls 
rapidly as the temfferature rises is a matter of no great 
moment. If the curves refer to the a.c. resistivity they 
must refer to somewhat old cables. A modem high- 
voltage cable can be made to have a very nearly constant 
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power factor, and less than 0«01 over the working range 
of temperature, and consequently the dielectric losses 
are very nearly independent of the temperature. With 
regard to intersheaths, it is a mistake to aim at 
obtaining a uniform stress, because the breakdown of 
a dielectric is not altogether a function of the maximum 
stress. It must be looked at in a different light from 
that of a metal structure failing under steady loading. 
In general, as the diameter of the conductor is increased 
the stress must be reduced if the factor of safety is to 
be preserved. It is unfortunate that in the author’s 
intersheath cable the voltages are 60® out of phase. 
Had there been no intersheaths at all, 60 000 volts 
applied between core and lead would produce across the 
inch of dielectric next to the core a potential difference 
of 33 000 volts. As it is 30 000 volts with the inter¬ 
sheaths present, the gain from their use is negligible. 
Professor E, W. Merchant : On page 222 is 
given the result of some calculations of the condenser 
current per foot of cable across different sections of the 
dielectric. The power factor of the dielectric has been 
assumed to be the same throughout, and under these 
conditions the capacity current must be the same across 
all sections. On page 223 the author refers to the 
increased dielectric loss in the inner sections of the 
dielectric of his cable. This result is, of course, very 
well known. The energy stored in a dielectric is 
proportional to the square, of the dielectric stress and, 
therefore, if the?* power factor of the dielectric is constant 
it follows that the power loss due to dielectric hysteresis 
is proportional to the square of the dielectric stress. 
The method described of using intersheaths on the cable 
in order to reduce the maximum dielectric stress on the 
inner portion of the insulation is, of course, comparatively 
old. It is undoubtedly a great saving to diminish the 
dielectric stfess in the inner layers of the cable. This may 
be done either by using material of greater specific 
inductive capacity or, as Mr. Beaver suggested, by 
using intersheafhs. It seems very doubtful, however, 
whether it will be worth while to try to diminish the 
current which is carried by the intersheaths by 
introducing auto-transformers at different points along 
the cable to supply the necessary charging current. 
In this connection Mr. Torchio’s statement quoted on 
page 22a may be aptly quoted, i.e. “ The assuring of 
reliable operation is vastly more important than getting 
the maximum rating out of a certain mass of metals.'' 
With regard to the system itself, it is difficult to follow 
it completely from the paper. The closest analogy to 
it would seem to be a three-wire a.c. system with the 
centrS point of each phase earthed (see Fig. E). The 
.author proposes to use an earth on one side of his 
hexagon " of which the other side is about 60 000 volts 
above earth, whilst the other pair of cables is about 60 000 
volts below earth. In the arrangement which he 
describes, the potential difference between the inner 
conductor and the first intersheath conductor would 
appear to be 30 000 volts; between the first intersheath 
conductor and the^next one it 'vwll also be 30 000, and 
between the outer intersheath conductor and the sheath 
there is a further 17 800 volts, so that the total pressure, 
ad(3ed numerically between the inner conductor and the 
eheath, is 77 800 volts. Of course the pressures between 


the conductors are not in phase with one another, but 
from the point of view of dielectric stress this is not of 
importance. If the cable were working as an ordinary 
100 000-volt three-phase cable with the centre point 
of the phase earthed there would be a total ^difference 
of pressure between the"*j>liase and the earthed middle 
point of only 60 000 volts as compared with the author’s 
77 000 volts, and thus there w’ould be less stress on the 
dielectric than in the suggested arrangement. If the 
intersheaths are used for conveying the power as well 
as for equalizing the pressure, the copper cannot be used 
so efficiently as if the whole of the power were transmitted 
at the higher pressure. As Mr. Holttum has pointed out, 
the actual power transmitted on each side of the system 
depends on the pressure from earth to the conductor 
and the current through the conductor (if the power 
factor is unity), and no arrangement could be more 
economical, as far as copper section is concerned, than 
to send the whole power through the conductor which is 
at the greatest pressure above or below the earth. In 
order to obtain an accurate estimate of the merits of 



the proposed system it ought, I think, to be compared 
with that shown in Fig. E which is really a six-phase 
system of transmission, lacking, however, the special 
arrangement of intersheaths given by the author. 
Intersheaths can, of course, be used with this arrange¬ 
ment, but in this case they would do nothing more than 
control the voltage gradient through the dielectric. 

' If the author will compare his system with the one 
indicated above, I am sure* that he will find that a greater 
cross-section of copper will be necess^ in his system 
than in that shown in Fig. E. 

Mr. J. W. Warr : Considering the new method 
from the consumer’s point of view, I notice that the single¬ 
phase transformers will be designed at only 0 • 7 power 
factor, whereas, under existing conditions, the figure is 
0*8. The power factor at the distributing centre deter- 
ixiines that throughout the whole of the distribution 
system, even to the consumeir’s terminals. During the 
past 12 months there has been considerable discussion 
qp. the correction of power factor, and it has been 
generally agreed that the consumer must. help the 
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supply authority by keeping the power factor within 
reasonable limits. In the first place it would be 
interesting to note what the power factor will be from 
transformers originally designed at 0-7 when they are 
subjected to an inductive industrial load of compara¬ 
tively small magnitude. For ^instance, in the present 
three-phase systems of distribution it is quite a common 
condition with a comparatively small load of 600 kW 
for the power factor to be between 0*66 and 0-7. 
Unless the electrostatic capacity of the cables raises 
the power factor, the consumer will be further penalized 
by having to compensate even more than at present. 
The figures suggest that a cheaper system of transmission 
is to be the result, but I consider that we should not 
sacrifice too much in this direction if the new proposals 
are in any way complicated. There is at the present 
time sufficient complication in connection with large 
distribution networks. The question of reliability is 
another important item from the consumer's point of 
view, particularly in certain industries. Inconvenience 
and endless expense are occasioned by an interruption 
at the distribution or main generating centre. A 20- 
minute failure will generally set the industry back for 
a whole day, and on these grounds, and on account of 
complicated switchgear, breakdowns are more severe 
than with the lower pressure supply. From the mains 
engineer’s point of view the proposed system is no doubt 
a complicated one. Any mains engineer knows quite 
well the care and thought that is necessary in looking 
after a large network. Whatever method of distribution 
is employed some fault will develop, a failure of insula¬ 
tion producmg a short-circuit either between conductors 
or to earth. Then I notice that there is a question of the 
distance apart of the single-core cables. Providing the 
distance between the centres does not exceed 7 in., 
the sheath Tosses will not be perceptible, but I should 
like to point out the space that is generally avail¬ 
able in public streets for lighting and power cables. 
Frequently diversions have to be made for accommo¬ 
dating even the smallest high-pressure cable, and my 
experiences have been such that the direction has been 
a cause of great anxiety. Where there is already 
in existence a large network of cables. Post Office 
telephone cables, hydraulic mains, water mains, gas 
mains, etc., the available area is very restricted, and I 
doubt whether the author will succeed in getting through 
tlw thickly populated areas wliich must be traversed 
when laying trunk mains to the rural districts. At 
tffis point I should like to turn back to the comparative, 
costs (see Appendix E) of the 30 000 and 100 000-volt ' 
systems. Apparently the great saving between the 
relative systems is shown to be in the laying of the 
ur^^ground cable, I notice, however, that in Scheme 
* B ' (100 000 volts) there has been no special item set 
^ide for excavating and reinstating, the streets, as shown 
m Scheme ‘'A " (30000 volts). Are we to understand 
that the £400 000 for cables includes the excavating anS 
reinstating ? I would suggest that ample margin should 
be left for contingencies .when dealing with a group 
of cables as proposed, <5ompared with that in the case of 

^ ^th 

Qimculty that one or two three-core cables can be adopted 
ui some roadways. Diversions, have proved ia tte pa^ 


to be more expensive on these grounds, and ample 
margin should be made. 

Mr. F. Mercer: The autlior has described an mter- 
sheath cable to be used in conjunction witli a special 
system of generation which is intended to make more 
economical use of cable space than is the case ^t present. 
Such a cable, however, is less efficient than a single-core 
cable having approximately the same cross-sectional 
area. A single-core 67 700-volt cable having tlie same 
diameter of core and thickness of dielectric as the one 
illustrated in Fig. 1, but having 0 • 422 sq. in, of copper in 
the core instead of 0*186 sq. in., should convey a 
current of 675 amperes without undue temperature- 
rise (assuming 9-in. centres). At 0*8 power factor this 
represents a cafirying capacity of 26 500 kW per cable, 
which is' more than 100 per cent better than the 
anticipated performance of the intersheatli cable in 
Fig. 6 which* including intersheaths, has the same cross- 
sectional area of copper. The following points illustrate 
some of the disadvantages of intersheath cable: 

(1) Capacity currents necessitate a very appreciable 
cross-sectional area of copper for the intersheaths alone 

(2) when used for conveying power the intersheaths 
are operating at lower voltages than the central core 
and transmit correspondingly less power for a given 

! amount of copper; (3) space occupied by the inter¬ 
sheaths might be usefully occupied by dielectric; and 
(4) the permissible voltage gradient for the dielectric 
near the central core or the intersheaths is lower than 
for a single-core cable, because a thin dielectric 
necessitates a higher factor: of safety. In connection 
with the table of comparative costs given in Appendix E,. 
it is difficult to understand how 10 three-core 30 000- 
volt cables are expected to cost £1 000 000 for a 30- 
mile run, or £100 000 per cable, whilst""’e intersheatli 
cables of approximately the same cross-sejrtional area, 
are estimated at £400 000, or £66 700 per cable. A 
more valuable comparison would have been afforded 
if the estimates given in this appendix liad been for the 
author’s six-phase/three-phase scheme and for a three- 
phase single-core cable scheme, the operating pressure 
in each case being 100 000 volts. < 

. Mr. A. M. Taylor {in reply): Mr. Malpas asks why 
I introduce an intermediate lead sheathing below the 
outer conductor of the cable. This outer lead sheathing- 
was for the purpose of providing a means whereby 
the impregnation of the cables could be done in two* 
stages, but a subsidiary purpose is served as indicated 
at the top of col, 1, page 229. The lead sheathing 
can, of course, be suppressed if found unnecessary for 
the manufacture of the cable. 

With reference to Mr. Malpas’s remarks as to the* 
cost of the capital charges on the transmission line, I 
think there is no doubt that instead of 0-65d. per 
kWh he really means 0 * 056d, If the transformers,, 
which are common to any system of lin transmission/ 
are omitted, the cost is only of tlie order of 0*037d,. 
This correction would alter his figure from 4-4d. per, 
kWh on a. 260-mile line, to 0 • 444* This, however,; 
is not all that mayj^e said for the underground trans¬ 
mission*, because from information received from pn^ 
of the leading cable manufacturers it now seems to- 
be practicable this syst^ to run the pressure up* 
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to 150 000 volts and •with the same six cables to 
transmit 200 000 kW. On this basis the initial cost 
of the capital charges on a 30-mile transmission line 
would amount to only O-OlSd. per kWh, and this 
would compare quite well with the 0‘16d. quoted by 
Mr. Malpas for the much longer overhead line. 

Mr. Holttum’s preliminary remarks are partly 
correct and partly based upon a fallacy. It is 
capable of easy proof that the voltage in the load 
circuit which traverses the outermost intersheath is 
60 000 volts, however near the outermost intersheath 
may be to the outside lead sheath of the cable, where^ 
it is demonstrable that in the arrangement shown in 
Fig. 6 the voltage transmission would be reduced to 
a ridiculously small amount if such a? position were 
postulated for the lead sheal^g. The sinaU diagram 
(IV) at the left-hand bottom corner of Fig. 9 would 
have shown Mr. Holttum that it -was practicable to 
increase the above-mentioned 60 000 volts, if necessary, 
to 80 000 volts, so that it is quite incorrect to say 
that any gain in redistribution of voltage gradient in 
the dielectric must necessarily be counterbalanced by 
a lower effective working voltage of a portion of the 
COPP®^' 

With reference to the cable shown in Fig. 13, the 
protection afforded by the extra intersheath can, if 
desired, be con-tinued right up to and into the joint 
boxes. Mr. Holttum proceeds to demolish, one^ by 
one, the *' conclusions ” at which I have arrived 
(these have been superseded by others which •will be 
found in the paper as printed in the Journal). He 
paacag by the first four items -wfith the remark that 
they emphasize reliability only, and he suggests that 
an ordinary three-phase system is just as .good on 
this point. I admit that it is at 30 000 volts; but I 
have sho-wmin the London discussion that the -^o 
systems caimot compare in point of ■view of capital 
outlay when powers of 100 000 kW transmitted over 
30 TTiilPH are considered. He says that conclusion (6) 
applies to any three-phase cable. It does so in a degree, 
but the charging current, being in my system approxi¬ 
mately double what it is in a three-phase cable, gives 
corresponding advantages for the purpose considered; 

Mr .Holttum dismisses conclusion (6) in a very 
cavalier fashion, but I submit most definitely that 
instead of the gains of intersheath being compensated 
for by the reduced power transmission per square inch 
on a section of the cores, he has entirely ignored the 
extent of the gain effected by the use of intersheaths 
and by the separating of the cables, which in single¬ 
phaseintersheathed ” cables gives my system an 
ad-smntage of practically three time that of a plain 
three-phase systena, as regards the EJM.F. which may 
be applied. How, even if the reduction of the vol’tag© 
on the currents passing thtough the intersheaths were 
60 per cent, this would still only affect one half of the, 
load (the other half being transmitted through the 
central cores), and, therefore, is only equivalent to a 
reduction of voltage of 25 per cent on the -whole system,, 
whereas I have just intimated that<Jhe gaw'in voltage 
hy Jhe use of intersheaths combined -with single cores 

is 200 per cent. j 

Mr. Holttum next suggests that conclusions (7) ana 
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(9) appear to require further explanation, and in any 
case are light-load advantages only and can be obtained 
in an ordinary S 5 rstem by switching cables in and out, 
'The advantage of reducing the capacity current at low 
loads is so important that in the United States several 
of the large generators “Employed in power transmis¬ 
sion have had to be made considerably larger 
■ ftha-n they otherwise would have been, solely because 
of the supply of large charging current. The idea of 
switching in and out a large number of cables to adjust 
the capacity current is not practicable. On 100 000 kW 
transmission 16 cables would be required and the 
number of switches to be operated would be 32. 

Mr. Holttum considers that conclusion (10) is of 
no particular advantage, and I am prepared to gr^t 
that with an ordinary three-phase system the point 
is certainly not one of much moment, but I. have 
already showm elsewhere that an ordinary three-phase 
system cannot compete, from the point of view of 
capital outlay, with my proposed arrangements, at** 
powers of over 60 000 kW, 

As regards conclusion (11), he suggests that there 
is no gain over ordinary three-core cable from the 
point of view of the amount of waste room in the 
cable, and suggests that the economy of three-core 
construction will compensate for this. I can- only say, 
with regard to the latter, that the estimates which I 
have obtained from the cable makers prove the 
contrary. In this connection I suggest that he refer 
to my remarks in reply to Mr, Sparks in the London 
discussion. In the same connection he implies that 
the 100 000-volt single-core cable would compete 
equally well on this point, and this I am propped 
to concede, but in this case I submit that conclusions 
2, 3, 4, 7, 8, 9 and. 10 (particularly the last-named) have 
all to be considered in this connection, and there is 
still more to be said than has been embodied in the 
conclusions.*' Mr. Holttum suggeSte that my con¬ 
clusion (12) is merely negatiye. This is.hardly fair, 
because if the point can be established it represents 
great possibilities which the present makers of cables 
have not seen their way to take advantage of, or to 
suggest. He suggests that all the advantages claimed 
are quite wiped out by the three disadvantages men¬ 
tioned. As regards these disadvantages, I would say 
that the first is somewhat of an advantage, if my 
system of capacity current can be successfully adopted. 
The second disadvantage will not obtain when the. 
cables are laid along the sides of railways in the mannw 
"which I propose; only three cables need be laid together, 
the other three can be put on the other side of the 
railway, and in fact any distance apart that is desired^, 
from,the first three. It follows, therefore, that it is 
only necessary that three cables should be aixai^ed 
’ in triangle *' regulation to one another, and this is 
perfectly easy. I trust, therefore, that I have met 
th& whole of Mr. Holttum*s criticism, andr that there; 
is no outstanding point -vvhich I can be said to have 

ignored. . , ’ ' ' 

With reference to Mr. Cldthier^s remarks about the 
I superposed currents shown in Fig. 7, he will,. I think; 
: find his difficulties cleared up by a reference to Fig. B, 
i given in my reply to the London, discussion. He will 
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there see the soiree from which is derived the supply 
spoken of as dififenng by 30 degrees in phase from 
tte two topmost comers of the hexagon. He will see 
that all the circuits are quite easily derived from one 
common system of low-tension three-phase busbars, 
and wlf realize that they am all equally easily recon- 
■vertible to a common system of low-tension three- 
phase busbars at the receiving end. Mr. Clothier is 
correct in supposing that the reason for the omission 
of a comparison of the cost with that of a straight 
100 000-volt single-core cable system was that these 
cables cannot at present be manufactured. Even if 
they could be manufactured, however, there are 
numerous reasons why the supply through the sj-stem 
proposed by the author would be very much more 
reliable in actual worMng, some of which are given 
under tlie heading "Conclusions ” on page 232. It 
is submitted that, even if the plain single-core 100 000- 
yolt cables can be manufactured, the proposals given 
i*i the paper will still be very much more satisfactorv 
for treasons which have* been adduced in various places 
during the discussion. . 

With reference to Mr. Clothier’s remarks as to the 
number of transformers involved, the reason is one 
that would apply partly to single-core cables also, and 
IS due to the large amount of leading kVA capacity 
available, unless the lagging component of the con¬ 
sumer’s load can be effectively utilized in the manner 
proposed by the author. In this latter case, as is 
indicated on page 238, a saving of £76 000 would be 
involved in the reduced capacity of transformers. 
The financ^ of the estimated capital saving of £77 800 
is, in^ my opinion, most essential to a proper tinder- 
standing of the reasons for the selection of 10 cables 
of 0-26 sq. in. section as against the 6 cables considered 
ifi the proposed system. It is quite true that I omitted 
the intex-est on the money invested, but if this be taken 
into account, and if the 25-year life of the cables be 
also taken into account, the capitalized value of each 
1 per cent loss in transmission can be shown to .be of 
the same order as the figure above given. 

With reference to the last point brought forward 
by Mr. Clothier, namely, that the success of the 
commercial application of the system proposed depends 
largely upon the possibility of a suitable single-core 
non-intersheatlied cable being produced, this point has 
already been dealt with. Briefly, it may be said that 
a non-intersheathed single-core cable which, for an 
equal diameter of cable, can be operated at the same^ 
voltage as the iutersheathed system, is not likely ever 
to be introduced. Mr. Clothier seems to have lost sight . 
of the fact that it is not necessary that one half of the 
power should be put through the six-phase system, and 
that if, for instance, one quarter of the power were put 
through the latter, the voltage of transmission would 
be equivalent to a voltage of 90 per cent of the full 
central-core voltage taken over the combined system.^ 

In reply to Mr. Mallinson, I would refer him, in 
connection with overhead transmission, to my reply 
to' Mr. Malpas, also •to tie discussion at Newcastle. 
With regard to guaranteeing the cables for only one 
year, it was I myself who fixed this period, belie\d 5 tg 
that it was hopeless to expect the cable, makers to 


guarantee a new cable, about which they knew nothing, 
for a longer period. 

Mr. Mallinson^s remarks with reference to the joint 
shown in Fig. 13 are made on an entirely wrong 
supposition. He is assuming that I am considering 
the running of cables along ordinary roads, whereas 
I am considering their running on short supports '“some 
18 inches, above ground on the two sides of a railway 
line, arid where the position of the joint can in most 
cases be adjusted quite easily. I have suggested 
elsewhere that a few drums, of lengths slightly greater 
and slightly less than normal, which might be used 
in special circumstances, could be supplied. With 
regard to Mr. Mallinson*s remarks that the three, dis¬ 
advantages cit^d are equally as vital as the advantages 
cited, and that particularly No. 2 is a serious one, 
I would remark that my proposals involve only three 
cables being kept in close proximity.to one another; 
the other three cables could be placed many yards 
apart from the first three, since each set of three 
balances out its own field. This also applies to his 
difficulty about keeping them cool, and to his difSculties 
about the .large cross-section of the main required. 
Moreover, 16 three-core three-phase cables will certainly 
take, up more street room than would my six cables. 

In reply to Mr. Fuller, the lantern slide which I 
exhibited connecting resistivity with temperature was 
based upon alternating currents, and I note that it is 
practically in accordance with a cuiVe very recently 
given by Prof. Delmar. I do not see the point that, 
because the power factor can be kept below 0 ♦ 01 over the 
working range of temperature, the dielectric resistivity 
losses can consequently be ignored. If thd figure 
taken for the resistivity in the calculations at the end 
of the present paper is in the least degree near the 
inark, the resistivity loss is quite a serioiss one at the 
high temperatures, and what we have to consider is 
not merely the estimated range of temperature, but 
the temperature that may obtain wHfen, through some 
breakdown of a parallel system, perhaps double the 
normal load is passed through the remaining system, 
and it may occur at the tinxe of gsreatest summer 
temperature. 

In reply to Mr. Fuller^s remarks regarding inter¬ 
sheaths, I have already taken up the point of the 
question of maximum stress in reply to Mr. Dunsheath 
(see ^ page 248), and am strongly of opinion, after 
reading the whole of the controversy in America on 
this question, that we cannot afiord to ignore the 
maximum potential gradient when it is a question of 
continuous working. With . reference to Mr, f'uUer's 
remarks that, owing to the voltages in my system 
being 60 degrees out of phase, nothing is gained as 
compared with non-intersheaths, I would point out 
that this has been dealt with in connection with my 
remarks in reply to Mr. Dunsheath, where I have 
shown that the loss due to the obliquity of the vectors 
is only 15 per cent, whereas the gain due to the use 
of intersheafhs is 220 per cent Mr. Fuller's remarks 
that the ^ain from the use of the. intersheaths is 
negligible are therefore totally unwarranted by,,the 
results established in, the paper and the discussion. 
Replying to Professor Majehant, I would say that. 
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on a 3p-mile line, it is only necessary to introduce 
what he calls the auto-transformer arrangement (but 
which I submit is a nushomer) at the extreme end of 
the line where it form3 a perfecliy simple and practicable 
arrangement. Possibly Prof. Marchant has not had 
occasion to consider such a long line as this is and 
has consequently not fully appreciated the large amount 
of charging current to be transmitted, and how important 
it is that this should be transmitted under the full 

voltage. ; 

It is quite true that such an arrangement as is given 
in Prof. Marchant’s Fig. E would work perfectly well, 
but apart from the fact that the full 60 000 volts exists 
between the central core and the lead sheathing, there 
would be the difficulty of the junction boxes, in which 
there is nothing to give any hint of trouble until a 
total breakdown occurs at one of the latter. The same 
applies, of course, to the cable itself. Moreover, it 
is not yet an ascertained fact that cable makers are 
prepared to supply cables operating at 100 000 volts. 
Further, it appears that if a breakdown occurred in 
any one cable it would not only operate the trip gear 
on the one half winding of the transformer supplying 
that cable, but the other half winding (if on the same 
core) would probably be pulled out as well, which 
would instantly involve the shutting down of the whole 
system as a three-phase system, whereas under the 
arrangements I am proposing, with three self-contained 
hexagons working independently, the pulling down 
of one hexagon would only put that hexagon 
momentarily out of circuit,'and a few seconds later 
one of the cables at least could be reinstated* Further, 
if the 5ault extended only as far as the outermost 
intersheath, th^ probabiHty is that the whole six cables 
could stiU be employed after the momentary dis¬ 
connection Oi the faulty hexagon. Prof. Marchant^s 
remarks relating to the obliquity of the vectors are 
quite correct so ^ far as they go, but I have shown 
elsewhere that it can be easily arranged that only 
15 per cent is lost by this obliquity. I have 
dealt with the question of the use of intersheaths for 
the conveyance bf power in my replies to other speakers. 

In reply to Prof, Mar chant’s remarks that if I compare 
my S 3 rstem with that shown in his Fig. E, it will be 
found that the amount of copper is less in the latter, 
I am not disposed to question that there would be a 
small amount in this direction, but since takmg up 
this general question of transmission I have a.scertamed 
that the amount of copper in the system is not the 
sole ct:Jterion of its cheapness, or the reverse, and the 
system shown in Fig. E, though interesting, c^ot 
possibly compete v/ith an intersheath system if the 
maximum potential gradient is to be accepted as any 
criterion at all for the safety of cable working over 
very long periods at the highest possible stresses. 

I think that Mr. Warr is under a misapprehension as 
regards the question of power factor. The reason of 
my transformers being put in for a, low power factor 
is solely on account of the large line-charging current, 
which affects the step-up transfonrters at the sending 
end •very materially. If this charging current caii be 
arranged in the way I propose, to benefit the system, 
then, instead of the. consumer being penalized as 


Mr. Warr suggests, he will get a bonus on account of his 
poor power factor. Does Mr. Warr realize that the 
question of distribution is really not touched by my pro¬ 
posals and would remain exactly where it now is, since 
I revert back to ordinary three-phase curreni:s at the 
substa.tion ? His remarks as to the mains engineer’s 
position also give me the impression that he is thinking 
merely of a ramified underground system operating 
at 100 000 volts, which is not my proposal at all. 
Similarly as regards the area required by the^ mains, 
this is because he is considering town distribution, 
and perhaps because I have not made it sufficiently 
plain in the paper that I am primarily considering 
transmission along the main lines of a railway between 
a super-power station and a general substation at the 
far end of the line, with possibly intermedia,te sub¬ 
stations feeding the railway itself, but at considerable 
distances apart. This will explain why I ‘‘have not 
included any item for the excavation of streets in ^ 
connection with the system proposed, the reason being 
that the cables are merely assumed to be carried sbme 
18 inches above ground on a light structure at the side of 
the railway, and no excavation is therefore necessary. 

Mr. F. Mercer endeavours to show that by employing 
a cable such as shown in Fig. 1 of the paper and filling 
in the central parts of the central core with copper, 
the power can be put through in a much more efficient 
way than under my proposed system. I would say, 
however, that if one of the cables goes down, the whole 
system goes down, and therefore there is no reliability 
whatever about his proposal. Moreover, I have shown 
in , Tny reply to the London discussion that single¬ 
core unsheathed cable cannot compete with a single¬ 
core intersheathed cable, which latter can be worked 
at a voltage nearly 100 per cent greater for a given 
cable diameter and maximum potential gradient. As 
regards his remark that capacity currents necessitate 
a very appreciable cross-sectional area of core for the 
intersheaths alone, I would point out that by the 
method of transmitting the capacity ciOTent shown 
in Fig. 12, the current required to be transnutted through 
the central core is virtually identically the same as that 
required in the. case of a single-core cable—in fact, 
with the 100 000 volt single-core scheme the kVA for 
charging purposes is 66 700, whereas in my scheme 
it is 61200. These figures can be obtained from the 
calculations given in the paper. I have dealt elsewhere 
with Mr. Mercer’s point about the intersheaths operating 
-at lower voltages. His remark that the intersheaths^ 
occupy unnecessary space which could be usefully 
occupied by dielectric is also beside the point, because 
copper strip can be employed for the intersheaths. 
Apart from this, however, I have made calculations 
as to the actual difference in. diameter of cable due 
to the addition of the intersheaths, which show that 
hi^’statement is quite untenable as a serious objection. 
His statement that the permissible voltage gradient 
allpwable is less where intersheaths are enapioy®^ than 
for a single-core cable raisqg* the whole question of 
maximum potential, gradienj:,- and I do not consider 
that to put the. matter in this ioim is a fair statement 
of?»the question involved. i\iter a, careful perusal of 
the discussion before the Am^ic^ta Institute of* Electrical 
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Engineers on the varions recent cable papers, all of 
which are, in my opinion, of high merit, I do not 
consider Mr. Mercer’s statement to be fully proved, 
at any rate in the forn^ in which it is given; in fact 
in one pkice it is directly contradicted. 

With reference to the prices of the cables, I may 
say that I obtained prices from several manufacturers 
and I have neither given the highest prices obtained 
for the three-phase cable, nor the lowest prices obtained 
for the triple-concentric cable. With regard to Mr. 
Mercer’s remark that it would have been better if a 


three-phase single-core cable scheme had been cpinpared 
with the scheme put forward in the paper, I may say 
that there is not at present in existence a three-phase 
single-core cable scheme operating at lOdOOO volts, 
and I am not certain whether I should have been able 
to get any guarantees for it in this country, but even 
if I had succeeded in this there is, in my opinion, no 
question as to the much greater reliability in operation 
of a triple-concentric cable the outermost conductor 
of which is at a potential not very greatly different 
from that of earth. 


DISCUSSION ON 
"DOMESTIC LOAD BUILDING.”* 
Scottish Centre, at Edinburgh, 9 January, 1923. 


Mr. R. B. Mitchell: I have always been a behever 
in the cultivaticm of the domestic load, and I have 
said beforf^ on many occasions that the day may come 
when the domestic loaid wilt be of as great importance 
as the industrial load. It has a feature of continuity 
which the industrial load does not possess. We have 
just been passing through a time when the industrial 
load almost disappeared in. the majority of und!ertakings 
in the country, and if those undertakihgs had had a 
good domestic load to keep them going during the dull 
times in industry, they would not have felt the effects 
nearly so much. In Glasgow the domestic load has 
been cultivated for some years past and we have achieved 
considerable success in that direction. We have now 
connected domestic appliances totalling 17165 kW 
and the consumption due to these appliances amounted 
last year to 5 606 000 units. Also, we have in business 
premises appliances other than for lighting, totalling 
15 080 kW. In looking over tlie paper, I consider the 
•main point in it to be the question oi tariffs. I think 
that the tariff is of the very first importance in develop¬ 
ing the domestic load. If one has a suitable tariff, 
•then it is quite right to have propaganda, but propa¬ 
ganda is useless unless.one. has such.a tariff. I quite 
agree with the author’s opinion on page 197 that the 
fixed charge sho-uld be sufficient to cover a consumer’s 
•normal lighting costs when the low unit charge is adcj^. 
Further, I think that the fixed charge should be 
made high initially, in order that the running chajrge 
'may be as low as possible. There is one drawback 
te that system of charging,, namely, that to the ordinary 
consumer it is too great a change. He may have been 
in the habit of using ^ctridty for lighting only, 'mm- 
* Paper by Mr. W; Ai Gill'ott {see page 197). 


suming, say, 60 to 200 units per annum, and paying 
a comparatively small stfin for the service; and he is 
asked to promise to pay something like £8 10s. before 
he uses any electricity at alL I think that the ordinary 
man, particularly in Scotland, will hesitate before he 
takes on such a commitment. But there is another 
way of achieving the object: a tariff should be arranged, 
with a fixed charge and a low running charge, which wiH 
lead him oh in steps in such a wa^ that he will not 
notice the increase in his use of the electric service. 
I agree with the author that the fixed charge which 
he puts forward should cover the lighting units only— 
.perhaps more tlian that—and that th6 demand of the 
heating and cooking appliances should not be taken 
into- account in making up the fixed charge. It 
been thought in the past by many supply engineers 
that the maximum demand for lighting was not sufhcient 
^T-that the consumer possibly used a very small quantity 
of electricity for lighting with consequent low maximum 
demand—^and perhaps 6, 6 or 7 kW for heating and 
cooking, and that tins ought to be taken into Recount 
when fixing the maximum demand. It has been proved 
conclusively now tiiat the domestic load is nearly 
always in its entirety an off-peak load. One has not 
to take into account the domestic load in tliinking of 
the power station output in kilowatts. As regards 
the rate in Glasgow, we have adopted! the principle 
that consumes are asked to pay for a certain number 
of units at the lighting rate, depending upon the size 
of the house, and all units consumed ovcar the jfixed 
quantity are charged for at the heating and cooking 
rate, which at the present time is Id. per unit, r- Tbe 
.consumer can secure this rate even if only, a very smaU 
domestic appliance is installed. He must have soxxxei^ 
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thing, even if only an iron, but tins gives him a start, 
and he adds to his installation and later on gets a cooker 
wliich, in 99 cases out of 100, converts him completely 
to an all-electric user. Then, if he wants to go still 
further and use electricity more liberally, he is ripe 
for a rate of the description put forward in the paper. 

I have ap;^ed to the accounts of a number of con¬ 
sumers in Glasgow a system such as the author explains, 
and I find that it can be superimposed on tliis rate with 
very great facility and works very well. I adopted a 
fixed charge such as he suggests, but I got the basis 
for it by taking a percentage of the rental, and I think 
that a figure of something like 10 or 12 J per cent would 
be appropriate. I am quite sure that by and by, 
with a fixed charge of that amount and a running charge 
of 3* tremendous development could be made in 
the domestic load. By taking 10 per cent plus Jd., 
and superimposing that on the rate in use in Glasgow, 
we find that for the small user—^the man with a rental 
of, say, £36—with a fixed charge of £3 10s. plus ^d., 
he would be ready to change over to the new system 
when his consumption reached 900 units per annum. 
Similarly, consumers occupying houses rented at £40, 
£60 and £70 per annum would be ready for changing 
to the new system when their consumptions reached 
1200, 1400 and 1700 units respectively, with an 

average price of l*49d. per unit. If they adopt the 
new system and use, say, 3 000 units the average rate 
for ail electricity Soused is l*06d. per unit. In Glasgow, 
we have gone almost as far as any other undertaking 
in developing the cooking lo^d, and we have now 400 
cookers on hire at a rental of £2 per annum, which is 
less thm the 20 per cent figure put forward by the 
author. Some curves (see Fig. B, page 394) which I 
have had prepared show the demand from domestic 
consumers in residential areas in this city. There is 
one point of difierence in the domestic load curves 
in the paper, as compared with what might be expected 
in Scotland, in that the author’s curves show a con¬ 
siderable load on Sundays. Unfortunately we cannot 
expect that here. 

Mr. E. Seddqn; There can be no doubt that we have 
only touched the fringe of the possible domestic load 
which can be obtained by a well-organized advertising 
scheme. Electricity departments should be prepared 
to hire out apparatus to prospective heating consumers 
who can mahe trials of coolmrs, etc., witiiout incui^g 
much expense to themselves. The gas industry obtain^ 
their valuable domestic load from such a s^eme. In 
Edinburgh we have not yet taken any energetic measures 
to secure this load, but we are now making a move 
in that direction. It seems to me that it will be unwise 
to push the use of heavy appliances where new con¬ 
sumers are already using gas, but that we should, in 
the first case, get the consumers interested in hght 
articles such as grills, irons, etc., which will pve t^ 
confidence in the use of electric heating apparatus. The 
development of this load is very mudi bound up with 
a suitable tariff. I look forward to the time when a 
suitable flat-rate cfiarge can be made for all dor^c 
supplies, with a minimum charge per lamp installed 
enuring a reasonable revenue from eijery consimw. I 
that domestic consumers with a heatmg load wdl 


established wUl provide a load factor equal to that of 
most industrial concerns and can be offered equally 
good terms. The curves shown by the author are taken 
from specially equipped bouses, and I think that the 
consumption is higher than one would expect from the 
average consumer with thCj^same appliances. Nfiverihe- 
less, the paper indicates the amount of business tMt 
can be obtained from the small householder. Finally, 
although slot meters may be quite suitable for artisan 
dwellings they cannot be recommended generally. 

Mr. R. Hardie ; I have to express my entire agree¬ 
ment with the author. Glasgow has been for some 
time past proceeding generally on the lines laid down, 
and results indicate that these are sound. We have 
discovered that there is a vast desirable heating and 
cooking load awaiting exploitation and obtainable 
with the minimum of capital expenditure. The electnc 
cooker alone, in use three times a day all the year 
round, will convert a non-pa 3 dng lighting hons^er 
into a profitable one, and this without additimal ^ 
expenditure on feeders, mains or service cables. T e 
folly of having domestic sendees lying inactive for 
m os t of the day all the year round (and all day in the 
summer months) must be recognized. Witli regard 
to rates, we in Scotland dare not suggest the author s 
figure of 8d. per unit for lighting, nor do we approach 
the lid. rate mentioned for cooking. Obviously the 
cooking rate must be made sufficiently attractive to 
secure business. In other words, the cooking rate 
should be fixed at that figure which local expenence 
decides is as high as can be secured for a service that 
is competitive with coal and gas. In some parts of 
the country l|d. may suffice—^in otliers ld.<per 
whUe in a few supply areas favoured with large and 
economical generating units atid with adjacent supplies 
of low-priced coal the ultimate figure may be as low 
as id. I agree with the author’s contention that eve^ 
official, nay every employee, in an electricity supply 
undertaking should possess knowledge of domestac 
electrification based on actual use of apparatus in ms 
own house. The advertising value of this wouM be 
far reaching. The lack of definite performance data 
on the cooking load has hindered the proper devdop- 
ment of this business, but the information contarned 
in the Billingham curves, presented by the author, 
and the fact that these are confirmed by the flgmes 
obtained in Glasgow and elsewhere, should do sonmthing 
towards removing doubt from the minds of electncily 
executives, and should encourage them to go toward 
"and acquire a larger share of the domestic busmess.. 
Another branch of propaganda urged by the author, 
the “Electric Home” exhibit, is deserving of more 
general adoption. Its educational value is fax reaC^g, 
and probably no other form of advertising do 
more to bring home to tiie pubhc the deshrabihty of 
having their houses adequately wired.. . . , , 

<Mr. A. Mears : The lighting and industnal loads 
have already been acquired in a v«y large measure 
by electricity stations, but the heating cootog 
load to a large extent represents ^ new fidd 
ment calling for special consideration. In Etobmg 
we have been unable to do much to devdop ^ load 
o'»ing to a shortage of generating plant, but this con-, 
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dition has now disappeared, and we find the domestic 
load increasing rapidly. The latter can, however, only 
be obtained by fixing a suitable tariff which must be 
kept as low as possible. It appears to me that sim¬ 
plicity should be the keynote of it, as a tariff that calls 
for a calculation with each consumer as to the ultimate 
rate 4 )er unit wliich he will pay for electricity used for 
heating and cooldng is not appreciated. On the basis 
of simplicity a flat rate per unit for heating and cooking 
consumptions appeals to the consumer. It is true 
that this means a separate circuit and meter for the 
heating and a certain extra expense in wiring, but 
after all, is the expense so much more than that of a 
combined lighting and heating installation if the latter 
is properly arranged, the lights being fused independently 
of the heaters so as to give proper protection for the 
lighting ? In Edinburgh our charges for lighting and 
heating are on the flat-rate system and, naturally, 
separate circuits are required for lighting and heating, 
blit up to the present this has not proved a drawback 
to the installation of heaters in the larger houses where 
the heating load is likely to be of reasonable amount. 
Apart from this question of expense of the extra circuit 
there is no reason why a flat-rate tariff cannot be 
arranged to give as cheap result for heating as any 
other system. It is found that the variation in the 
annual consumptions for lighting purposes in houses of 
similar size and character is very considerable, and 
under most of tlije two-part tariff rates a consumer who 
is below the lighting average fails to get the same advan¬ 
tage for his heating rate one who is much above 
tliis average. The simplicity of the separate flat rate 
for heating undoubtedly appeals to the average con¬ 
sumer, though it may be possible in the future to educate 
the consumer to some two-part tariff. In Edinburgh 
the case of tl^e small consumer whose heating appliances 
arc mainly of the lamp-holder variety and whose con¬ 
sumption is so small that it is not worth a separate 
circuit has been^met by charging him. an axrang^ 
quantity of units for lighting, and all units recorded in 
excess of this quantity at heating rate. Tliis arranged 
quantity is basei;J upon past records and general averages, 
but the method is really an attempt to give him the 
benefit of two circuits without running the second one. 
It is the system originated in Glasgow on maxim^- 
demand lines, but adapted to the usual flat-rate mettod 
ol diargo in use in Edinburgh. On the whole it is 
satiiifactory, but, like all systems which depend upon 
the fixing of a quantity not accurately known, it does 
not please every consumer. The two-part tariff on 
the rauxiraum-demand basis, where the demand for. 
Ughting only is taken, suffers from the same drawback, 
af to demand as a rule cannot f 

Apart from the question of tantfs, electnc cooking 
wfth electric ranges cannot. I fear, 
without a system of hiring by supply 
Not many consumers will experiment omng to tue 
cc^t of the ranges and the probabiHty of high mamten- 
ance costs. The interest which the pu^bhe take m 
eteSriLl appliances' of aU kinds in e^bitions is a ve^ 
good sign, but there is no doubt that 
SSkl work r««.l«3 to bo do«o bjfor, tho domy c 
, tod develops to any great entent, A very mterestmg 


figure in connection with this subject is the actual 
diversity factor of this class of load quite apart from 
the question of the proportion of the heating load that 
is included in the lighting peak, i.e. the sum of the maxi¬ 
mum demands of the heating consumers divided by the 
maximum demand made pn the station. The author 
suggests a value of 9 for this figure, but that is surely 
much too high. This figure is of considerable impor¬ 
tance when the question of price per unit is being arranged. 
The principal feature of the domestic load is the improve¬ 
ment on the annual load factor of the station that it 
should produce, and on this ground it is to be encouraged 
as much as possible. 

Professor F. G, Bally : Oije reason for the slowness 
with which domestic electric appliances are gaining 
recognition seems to me to be the initial expense. A 
mere kettle costs some 30s. and a vacuum cleaner £15, 
and people hesitate to spend this if they have any doubt 
of its suiting their convenience. Hence I‘‘advocate 
facilities for hiring articles of this kind for a short period. ^ 
Sales would almost always follow when the consumer 
had realized the resulting saving in trouble. This is 
even more important in the case of electric ovens, where 
the ovens and power circuits will cost £30 to £50 and 
will involve a complete rearrangement of the kitchen 
department. A consumer should be able to hire an 
oven and temporary wiring and switches, which can be 
installed without disturbing the kitchen range, and when 
fully satisfied he will proceed to a complete change; 
but it is demanding much faith in electricity to propose 
a drastic change in so vital a part of a household as the 
kitchen. Another point is that of hot water. It is 
futile to expect electric energy to compote with a 
properly constructed hot-water boiler, which is a highly 
efiicient apparatus and gives opportunity also for some 
central heating. An all-electric house may be satis¬ 
factory in a warm climate, or in a small flat, where 
convenience far outweighs expense, but I can only 
regard it as a fad in an ordinary household in the northern 
and eastern parts of Great Britain. It must be remem¬ 
bered that while undoubtedly a considerable portion 
of the heat of the coals in an open grate or Htchen range 
goes up the chimney, by no means all of it comes out 
at the top. Much of this escaping heat reappear m the 
upper rooms and passages, which without this would 
be chilly and damp. The total heat of electric «mergy 
'at 2d. per unit costs 40 times as much as that of wal 
at 40s. per ton. so for straightforward heating there 
.must be very strong reasons for adopting the more^ 
"expensive agent. 

Mr. W. J. Cooper: I cannot understand the attitude 
of certain business men towards the two-part system 
of charging. No one knows better than tiiese same 
business men what on-cost charges are^ yet, when an 
electricity supply authority proposed to charge their 
product on the basis of an on-cost charge plus a charge 
pa- unit used, there was difficulty in getting ;&em to 
understand and to appredate the systo. We (»n 
overcome the objections to a certain extent by expressmg 
the standing charge in banks of ^ts. on the hues of 
the Glasgow domestic heating tariff. 

Mr. A. S. Hampton: Amongst aU the suggestions 
wfth regard to tariffs I have not heard any m the shape 
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of a taiifE based on a charge of so much per room plus a; 
running charge per unit used. This would only mean one 
meter, and a very low rate per unit might be reached. 
Ever 3 >'one would understand a charge of this kind. 
There is a difficulty in getting the average householder 
to see the advantage of two meters or the fwo-part 
tariff. I admire the GlasgcJw Corporation rate; it 
seems to be very fair and it only requires one meter. 
It is practically the same as the rate which I have 
suggested, viz. an annual charge per room, and a very 
low flat rate per unit. It gets rid of the two-circuit 
wiring, which is some considerable advantage, and it 
allows the easy use of the small power appliances. 

Mr. A. Ogilvie: The subject is of much importance 
to pubhc supply companies and, in its development, 
benefit will accrue to the consumers. The two-tariff 
system is attractive and fair to the consumer, while it 
is reasonably remunerative to the supply company. I 
would, however, leave the main questions raised to 
^those more intimately and directly interested, and 
'confine my few remarks to one feature in the propa¬ 
ganda proposals, namely, what is to be the precise 
position of the local electrical contractors in connection 
with the sales and work which it is suggested should be 
earned out by the public supply undertaking ? It 
is observed on page 201 that the contractor would be 
properly dealt with in regard to any sales effected and 
I s^uld like to ask the author if he would indicate 
1 How It is proposed to protect the contractor, and 
(2) bow It would be possible to ascertain the contractor 
responsible for each individual sale effected by the 
pubhc supply company from their showrooms. Again 
It woffid appear from the remarks on "Showrooms " 
that It IS intended that the public supply company 
should car^ out electrical work in the consumer's 
^ec^es. If so, then the whole question of munidpal 
fra^g anses, and while it may at first sight appear 

1««tion raised b^the 
paper, shU it is a most important one for those rate- 
p^ers engag^ in the electrical industry generally, 
^s ^pert, of course, applies only to cases where the 



If ratepayers engaged in that industry, 

not ^ venture to think sho^ 

not be allowed to enter into any propaganda work 
under domestic-load-building schemes. So long as 
consum^ can obtain their requirements (both IboS 
Wd matenffi) at reasonable terms from the local Ln- 
^tois—which is almost invariably ensured by local 
^e competation between contractors—then I suggest 

schemes would, in the^end 
SeilffoS^t ^7 mdertakffig confiSig 

^v showroom thi 

electricity may be 
industrial fields, leaviM the tocsd 

SS” S. consun;em'T4u?^lt 

vie™ o. ttie pit would 

o.‘S;'’i“'S';’'t.rdSS“srdSS 

supply should themselves have ^ domestic 

nave practical experience ei 


its working in their own horn es. To tliis may be added 
the provision of an experimental room at the power 
station or other showroom wliere each cooking or other 
device may be demonstrated by the officials thus trained 
at home. The author refers to records. There is 
need for more records available to the whole trade 
records of actual facts, not faked for competitive ^pur¬ 
poses. Some of these would refer to results obtained 
by trial of tliis or that appliance as well as to guiding 
figures obtained by recording group results such as 
those indicated on page 19S of the paper. The author 
gives the annual units used per kW installed as 360 
and the kW installed as 65. 360 X 65 = 23 400 units! 

But, a few lines below, he gives that portion wliich falls 
on the peak ag 5 kW demand and the units on this 
demand as 3 240. 3 240 X 5 = 16 200 units. Perhaps 
I have not understood the figures, but they may possibly 
be made clearer so that the load factor of this little 
group of consumers may be ascertained. As regards 
a two-part method of charging for energy, customers 
are not fond of it. If it is governed by a demand 
indicator it tends to restrict use. If it is a fixed kW 
charge varying with kW installed it makes the consumer 
reluctant to install lamps of occasional convenience 
or to add further appliances—^such as a washing macliine 
wluch IS intended only for occasional use. If the 
fixed charge be calculated from the floor area or the rated 
valuarion of the house it is open to objection on othei- 
grounds Yet some sort of two-par^ charge is fair 
and will become necessary. In some cases a low 
average consumption is predeteimined, and all current 
Tu ^ amo^t is chargbd at a high figure per unit, 
^1 further unite for any purpose being charged at 
the Ipwest possible price per unit. This method has 
several incidental advantages—one master and one 
house v^g system, for example—and I should be 
glad to hear opinions as to the fairest mctlioS of airiving 

^ Charged at the high rate 
One of the o^echons to a fixed charge ari.«ie .«5 when a 
^use IS empty for a considerable part of the year. 

difflf^^H T sundry units would probably 

diffOT widely from that in England, though not so 
much now as formerly. As a contrast to the methods 
quarter or per kW maximum 
who not only charge a 

fiSt something towards the 

£ m^,!m H ®''® eoiiff to increase 

5n7^W satisfactory 

**^® toat tliis class of indi^ 

t£ ^ comparatively small effect on 

£tl sSaTi^^ pc^-though it is easily possible 
mni . town Of big residences might be doing 

£ctSv If S. ®PPl^®f ces by the suppliers of 
outDuf 7:" necessary to promote 

for the suoD^rs'^^ ^ equally justifiable 

merelv -I torms of competition and 

cauvass.,, by th, el.c«S 
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Mr. W. A. Gillott {in reply) ; With few exceptions 
this discussion has been upon similar lines to those at 
other Centres, and in consequence the replies already- 
given to speakers in those discussions dispose of many 
of the questions now raised. I therefore propose to 
confine my reply to the items of special mention. 

Mr. Mitchell refers to the suggested fixed charge of 
£8 10s. causing consumers to hesitate to adopt such a 
tariff, but this sum would cover a household with 1 kW 
of lighting installed, and of course is adjusted to suit 
the capacity of each lighting installation. The rental 
value of such a household in Glasgow would doubtless be 
approximately £80, and under Mr. Mitchell's proposed 
tariff the fixed charge would be similar. It is indeed very 
encouraging to receive confirmation tha-bScottish returns 
of domestic load prove cooking and heating to be 
practically '' off peak '' loads to such an extent that it 
is not necessary to consider them when assessing a fixed 
charge in the tariff. The load curves of Mr. Mitcheirs 
Fig. B indicate that the demand is approximately 
10 per cent of the total installed watts. 

Mr. Seddon and Mr. Mears mention the use of small 
appliances from a lampholder and appear to lean to 
the view that it is preferable to start a consumer with 
such devices and gradually lead up to the complete 
cooker. I have no hesitation in saying that the complete 
cooker is such a satisfactory proposition that where 
the supply is offered at IJd. per unit or less one can -svith 
every confidenoe thoroughly recommend a consumer to 
Trigfall the complete article from the commencement, 
and I suggest that if -the business is handled upon these 
lines, good results will be secured by all parties con¬ 
cerned. 

Mr. Hampton refers to the tariff with its fixed charge 
based upon the floor area, as in Dundee. A reference 
to this system is given on page 216. 

Mr. Ogilvie asks what is the position of an electrical 
contractor in a propaganda campaign, and whether -the 


supply authority should carry out the installation work. 
This subject is such a highly political one that I am 
afraid it cannot be properly dealt with here, but I would 
repeat that I firmly believe in the principle of straight¬ 
forward co-operation, either side not expecting too much 
from the other, but each working with one ^object in 
view, i.e. to give good service to the client. This -will 
result in the establishment of good general conditions 
between the contractor and the supply authority. 

Mr. Munro asks for further details regarding the fimt 
set of figures given on page 197. The actual details 
as to the results obtained under test are given below, 
and it will be found they are slightly different from 
those previously given, as only round figures were 
quoted. 

From a study of the returns of 13 consumers it was 
found that the average kW installed was 6, the maximum 
being 6 kW and the minimum 3*2 kW. The average 
maximum demand per individual consumer was 3 kW. 
The average units consumed per annum per consumer 
were 1 800, and the sum of the consumers' maximum 
demands represents 181 amperes. The maximum 
result caused by the 13 consumers was 76 amperes, 
therefore the diversity factor among -these 13 consumers 
is 181/76 = 2-41. 

The amount of resultant load from these 13 consumers 
that fell upon the system peak was 20 amperes, which 
occurred at 12 noon, when thes 3 rstem curve was falling. 
This equals 0-285 of the maximum resultant load, 
so that -the units consumed per kW demand on the 
system peak are 36fO X 2-41 X 3-76 = 3 263. 

The figure of 360 is obtained by dividing j^e total kW 
installed into the cooking uni-ts consumed by -the 13 con¬ 
sumers. From these figures it -will be seen that -the 
diversity factor in -this instance is 2-41 X 3-76 = 9. 
The figure of 3-76 is the ra-tio between the 76 ampeares 
resultant demand, and the 20 amperes that fall upon 
the system peak. 
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Mr. A. E. Clayton: At the present time consider¬ 
able iniportance attaches to the higher harmonics 
present in alternating E.M.F. and current wave-shapes, 
and there is reason to expect that importance to increase 
rather than to diminish. As a result, the values of 
the distribution factors for these harmonics are of 
much moment to those interested in the design of alter¬ 
nating-current machinery. Values of these factors 
for various normal slottings have been tabulated by 
amongst others. Dr. S. P, Smith and Mr. R. H. Bould- 
and by Mr. B. Hague. J Such tables, although 
very valuable, are, as stated by the authors on page 866, 
limited to a few conunon cases, and are therefore to a 
certain extent limited in their application. It is thus 
undoubtedly desirable to have the data available in a 
simple form suited to perfectly general appHcation, 
mther in the form of tables, or in the form of graphs. 
The paper is therefore of great interest; to me it is 
of particular interest as some time since I also was 
intrigued by the problem of representing these factors 
in a simple, graphical manner. 

in Fig, 3 indicate clearly the effect of 

value of 

tne distribution factor for any particular value of the 
equivaleiri angle of spread of the winding, w. From 
he graphs is possible to obtain the value of the 
lactor under any given set of conditions, fin this 
connection, the use of 12 ordinates per range of tt is 
to be deplored. Such a choice is only suited for the 
three-phase and two-phase windings 
.e. the few common cases mentioned above The 
choice of 10 ordinates, or, better stiU, 18, is more suited 

practical purposes, how- 
ever, the authors put forward a series of graphs in 

seventh order are plotted against 
ph^e-spread expressed in degrees, ^ese 

buTli^t^’':^^ “ number, 

but hmted to hannomcs up to the seventh order. 

mathematics of the subject the 
authors have expressed their results in terms of the 

expressed in terms of the angular 
Z example, with g equal vectors displaced 

that\^^ successive vectors, it is at once obvious 

same as resultant will be the 

^ displac^nt is 2 M 7 r 4 - 2 ,. 

Jxere M « mte^r; this expression is indepe^d;^^ 

angle f/ between the first and last vectors for +h# 
rwultant to have the same numerical v^uTtfj h- 
placement must be a. 2Mn + ^ if 

directlv with ^ V. * mcreases 

arrectly Awth q. Thu* the distribution factor corre- 

page e^. ^ B. Hague and S. Neville (see vol. 60, 

+ 1916, voL S3. T, 20B 

t Eleaneum, 1917, voL 78, pp. |io, 740 and 766 


sponding to the twth harmonic rtiay be stated in the form 
utilized by the authors, viz. (sin ma/2) ~ (q sin »ncr/2g) 
Alternatively it may be expressed in the form 
(singTOy)/(gsin TJiy). The former expression when 
plotted as a function of ma gives a graph which, numer¬ 
ically, is periodic with range Sgir. The latter when 
plotted as a function of 2my gives a graph which for all 
values of q is periodic, numerically, with range 277. It 
thus appears that the best metliod of tabulating these 
factors is as functions, not of o or mo, but of the 
equivalent slot-pitch 2OTy, i.e. of the slot-pitch expressed 
in electrical measure to correspond to the particular 
harmonic under investigation. Similarly, it would 
appear that the best method of plotting out tlie factors 
is in terms of the equivalent slot-pitch above mentioned 
It then becomes possible, on die same base from 0“ to 
180“, to plot graphs representing the factors for various 
values of q. e.g. 2. 3, 4. 6, 6. 8 and 10. From these 
seven graphs the values of the factors corresponding 
to any harmonic can at once be read off, for any value 
of the equivalent slot-pitch. With this common base 
It IS easily possible to deal with angles above 180“ 
i.e. values of 27wy greater tlian tt. All that is necessary 
IS to number each main ojdinate with the values of 
ae first foi^ angles to which it corresponds. Thus 
the 10“ ordinate is numbered 10“, 360“, 370“ .710“ 
etc., the 20“ ordinate 20“, 340“, 380“ and 700“, etc! 
It is ej^emely unlikely tliat any harmohic for which 
the equiv^ent slot-pitch much exceeds 720“ will require 
invratigation, as this figure corresponds very closely 
to the value obtaining for the tooth-ripple harmonics 

of the factor, although 
o^n of little importance, is also very simply obtained. 
^en g IS ^ odd number, the sign is always as given 
y he graph ; when g is even, the sign aj? given by the 
reversed for angles lying between 180“ 
ana SM , and, of coiu^e, between 900“ and 1080“ 
+ 1 ,'^'. limits include certainly all the cases 

that need to be considered, in this respect, in practice. 

^®il>ematical Development of the 
iimory of the Magnetomotive Force of Windings ” * 
tables showing the value of the distri’bu- 

2 ^( 180 ?J^l 7 *^^® equivalent slot-pitch, 

«^(^180 /^). from 0 . in steps of 2“, to 180“, and for 

tb7r \ '^^®®e tables cover all 

of (7 the given values . 

in ^■eprasented the values of the factor 

7 ®^P^® graphs on the 

wL7r ®“Sle gripb serves for 

o particular value of 

fact^Q exai^ple, with g = 3 the distribution 

sin i( 3 flU 2 Qi 1 from a graph representing 
sin J(30)/3 sin plotted from 0 = 0“ to 0 =180“ the 

ordinates bemg numbered as indicated above. If, for 
xample, the slot-pitch were 14", corresponding to an 
* To be published in a later number of the Journal. 
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unusual slotting, the factor for the fundamental is 
read off at 14®, for the second at 28®, for the third 
harmonic at 42®, . . . the 21st at 294®, etc. For g = 4 
and the same slot-pitch the values of the factor would 
be read off from a graph representing sin J(4d)/4 sin Jfl, 
and it would be necessary to reverse the sign of the 
factors read off between 180® and 640®. For values of 
q greater than 12, the winding factors for the lower 
harmonics approach so closely those for a corresponding 
surface winding that, in common with the authors, 
I have found it convenient to utilize the graph repre¬ 
senting sin \dl\d. For the higher harmonics it is 
suf&cient to remember that when 8, the number of 
slots per pair of poles, is an integer, the distribution 
factors for harmonics of orders M8 rbm all have the 
same numerical value as for the wth harmonic. It 
is desirable, however, to be able to obtain accurately 
and simply the values of the factors in certain cases. 
The error of 28 parts in 77 quoted by the authors may 
occasionally be of moment, although it occurs in a 
relatively small term. The correct value of the factor 
can readily be deduced from the above graph, for 

sin qmy ^ sin qmy qnvy 

q sin 7ny qm/y * q sin my 
__ sin Jma . sin my 
\rm ' my 

Plence, to obtahi the correct value it is only necessary 
to divide the factor obtaining for a surface winding of 
spread mcr by that obtaining for a spread of 2my, i.e. 
a spread of the equivalent slot-pitch. 

For'^sxample, with q = 12, and 18 slots per pole, the 
equivalent slot-pitch for the 17th harmonic is 170®, 
andtheequivalentspreadof the phase group is 17 x 120® 
= 2 040®. <^The factors corresponding to these spreads 
are, respectively, 0*672 and — 0*049. Hence the 
actual distribution factor is — 0*049/0*672, i.e. — 0*073, 
instead of the value — 0*049 which obtains for the 
corresponding surface winding. 

Messrs. B. Hague and S. Neville (m reply) : 
Though the authors think it doubtful whether the 
results are simpler when expressed in terms of the 
slot-pitch instead of the phase-spread, yet they wel¬ 
come the attention which Mr. Cla 3 d:on has drawn to 
the former method of representation. The general 
form of the curves remains, of course, unchanged; 
and' although the complete period is reduced from 
2 g?r to 27r in all cases, the curves make q oscillations 
about the axis in that period. In tabulation, appar¬ 


ently there would be little to choose between tlie two 
methods ; and in plotted curves it becomes a question 
of whether a longer base-line or a curve crossing the 
axis at frequent intervals is to be considered the more 
convenient. From tlie purely mathematical point of 
view, it is to be notecj that each of the ^forms in 
which the distribution can be expressed, namely 
(sin ?no 72 )/(g sin mo'/2^) and qmy)l(qsmmy), has its 
own particular merit; both forms have been used in 
the papers cited above by Mr. Cla 3 rton. 

For practical purposes the method adopted in the 
paper may be preferred. In the alternative method,. 
the curves for different values of q cross and recross 
each other in a rather bewildering manner; the curves 
do not remain distinct (as in Fig, 4, for instance), on 
account of the very different shapes of the several 
curves. The confusion is greatly increased by eacli 
further value of q that is shown. The arrangement of 
Fig. 3 avoids this difficulty, and shows clearly the 
change introduced into the curve by each successive 
increase of q. Mr. Cla 5 rfcon proposes, for practical^ use, 
to omit curves for q greater than 12. It is then 
impossible to find the factor for, sa^^ g=: 13 or 14 
from the set of curves, wliile in Fig. 3 any higher value 
of q can be directly dealt with, accuratety if a is not 
greater than 6ir, and to a fair approximation for any 
greater angles, by comparison with the curve for 

= 00 . This last and important curve cannot be 
combined witli others plotted to a base of slot-pitch. 

The authors wish to express tlieir great indebtedness 
to Mr. Clayton for his simple formula for deriving 
the distribution factor for any slotting from the curve 
for a uniformly-distributed or siurfacb winding. 
Expressed in the notation of the paper, Mr. Clayton's 
formula becomes 

m -/'(%) 

that is, the distribution factor for q vectors spread 
over a total arc of 20 is equal to that of an infinite 
number of vectors occupying the same total arc 
divided by tliat of an infinite number of vectors occu¬ 
pying the space between any pair of the actual vectors. 
By this simple operation the range of Fig. 3 is extended 
indefinitely and without approximation, thus cover¬ 
ing the only region for which accurate values are not 
directly indicated in the curves reproduced. Appl 5 dng 
the rule to the example mentioned in the footnote 
on page 864, from the curve in Fig! 3 the distribution 
factor at ajq (that is, '7r/2) is found to be 0*635; the 
value at a (that is, 13*77/2) is 0*049 ; so that the correcjt 
value for = 13 is 0*049/0*635 = 0*077. 
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The Annual Dinner of the Institution was held on. 
Tuesday. 6th February, 1923, at the Hotel Cecil 
The President, Mr Frank Gill, presided over a gather¬ 
ing numbering about 480 persons. Amongthose present 
were: The Rt. Hon. Newlle Chamberlain, M.P. (Post- 
master-General), Sir W. Jo 3 mson-Hicks, Bart,, M.P. 
(Parliamentary Secretary, Overseas Trade Department^, 
The Rt. Hon. Lord Southboroug^i, P.C., G.C.B., 
G.C.M.G., G.C.V.O. (Honorary Member), The Rt. Hon. 
Lord Askwith, K.C.B. (Chairman of Council, Royal 
Society of Arts), The Rt. Rev. Bishop H. E. Ryle, 
K.C.V.O. (Dean of Wesitninster), Sir Anthony Bowlby, 

E. C.B., K.C.M.G., K.C.V.O. (President, RoycU College 
of Surgeor^), Sir S. Chapman, K.C.B., C.B.E. (Permanent 
Secretpry, Board of Trade), Sir R. T. Glazebrook. K.C.B., 

F. R.S. (Past President). Sr Frank Heath, K.C:B. (Secre¬ 
tary, Department of Scientific and Industrial Research), 
Sir Evelyn Murray. K.C.B. (Secretary, General Post 
Office),^ The Hon. Sir T. H. Holland, K.C.S.I., K.C.I.E., 
F.R.S. (Rector, Imperial College of Science and Technology), 
^ John Cadman, K.C.M.G., D.Sc. (President, Institu¬ 
tion of Mining Engineers), Major-Gen. Sir William 
mdell, K.C.M.G., C.B.. late R.E. (Director of Fortifica- 
tums and Works, War Office), Sir Westcott Abell, K.B.E. 
(Chief Ship Surveyor, Lloyd's RegisUr of Shipping), 

telefax, K.B.E., K,C., Sir James Devonshire, 
K.B.E. (Honorary Treasurer), Sir WiUiam Hale-White, 
K.B.E., M.D. (President, Royal Society of Medicine), 
Sir Joseph Petavel, K.B.E.. D.Sc.. .F.R.S. (Director, 
Na^o^l Physical Laboratory), Sir Robert Robertson. 

Faraday Society), Sir A. I.' Durrant. 
C.B.E., M.V.O, {H.Jkf. Office of Works), Sir William 
Noble (Member of Council), C. T. Allan (Joint Hon. 
Secretary, Western Centre), LI. B. Atldnson (Past Presi- 

^ XT North-Eastern Centre), 

W. N. Bancroft (Pre^deni, Chartered Institute of Secre¬ 
taries). J, W. Beauchamp (Member of Council), W. E. 
BiOT^d (Past Chairman, North Midland Centre). 
^ed Caipimel, A. C. Chapman, F.R.S. (Presiderit. 

R. A. Chattock (Member of 
F W. Crawter (Member of Council), R. A. 
DakeU C.B.E. (Director of Posts and Telephones, 
funeral Post Office), W. R. Davies, C.B. (pILdpcil 
^sst. Secretofy, Technical Branch, Board of Ed^ 
N. Dnnlop (Member of Council), Dr. W. H 
5" K. Edgcumbe (Member 

Centre)^^\ w (Chairman, Scottish 

^trel A. F Harmer (Member of Council), Dr. H. S 

i President), 

Cel^ S' Midloia 

SSi ?■ / C.B.E. (Chief Engineer. 

(Member of Council), C. C. Paterson, O.B.E. (Vi^ 


President), A. C. Peake {President, Incorporated Law 
Society), Major T, F. Purves, O.B.E. {Engineer-in-ChieJ, 
General Post Office), Councillor E. C. Eansome {PresU 
dent,'British Electrical Development Assodahon), W, R, 
Rawlings {Member of Cotmctl), P. F. Rowell {Secretary), 
Dr. A. Russell {Member of Council I,E,E., and President, 
Physical Society of London), A. M. Sillar {Chairman, 

I Association of Consulting Engineers), Roger T. Smith 
{Past President),**0. P. Sparks, C.B.E. {Past President), 
S. J. Speak {President, Institution of Mining and MetaU 
lurgy), A. A. C. Swiuton, F.R.S. {Vice-President), H. L. 
Symonds {Chairman of Council, London Chamber oj 
Commerc^, F, Tremain {Chairman, Western Centre), 
C. Vernier {Member of Council), E. B. Vignoles {Chair¬ 
man, British Electrical and Allied Industries Research 
Association), C.H. Wordingham, C.B.E. {Past President), 
After the usual loyal toasts, the President read the ‘ 
following message: 

His Royal Highness the Prince of Wales had hoped 
till "^e last moment to be able to give his favourable 
consideration to the President and Councirs invitation 
to be present at the Annual Dinner of the Institution, 
but the overwhelming number of invitations which he 
has received for 19.23 (the majority of which are of 
long-standing, having accupiidated during liis various 
absences overseas) has rendered the drafting of his 
programme for this year of unusual difficulty^ The 
Pnnee fears that as a result he will be unable to accept 
the Institution’s kind invitation for 1923,^ though there 
is of course nothing to prevent the Caug^cil, should 
they so desire, from renewing it on some future 
occasion when His Royal Highness is in England.” 

The President also read the following messages 
which had veen received from other societies ; 


Prom Prench Society of Electricians, 

The French Society of Electricians sends most 
corffial meetings to the President and members of the 
Institution of Electrical Engineers on the occasion of 
the Annual Dinner. The Society strongly desires the 
contau^ce of the most friendly relations between the 
two bodies and the two nations.”— Briixouin, President, 

Prom Italian Electrotechnical Association, 

• Italian Electrotechnical Association fully smpre* 
^ate yom kind thought and would ask you to present 
to their English colleagues the hearty wishes and greet¬ 
ings of Italian electrical engineers. Personally I send 
you and your Institution my wishes for a happy year 
and prosperity.” —^Del Buono, General President, 


'' PleMfe convey to President Gill i^embers of Council 
a^d of Institation oJ Electrical Engineers on occasion 
Annual Banquet hearty feUcitations from officers 
and members of the American Institute of Electrical 
Engineers. —^F. B. Jewett, President. 
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Sir.W. Joyason-Hicks, Bart., D.L., M.P. (Parlia- 
mentary Secretary, Overseas Trade Department), in 
proposing the toast of “ The Institution of Electrical 
Engineers,'* said: In proposing this toast, coupled 
with the name of your President,. I should like to con- 
gratnlate*liini on his accession to this high and distin¬ 
guished position. I am certain that he will fill it in 
accordance with the great tradition of the past, and 
that he will be a worthy successor to those great men, 
such as Siemens, Crookes, Preece, and Glazebrook, who 
have been your Presidents in times past. Your Institu¬ 
tion is one of the marvels of modem da 3 ra. Beginning 
some 60 years ago with a very few members, it is now 
the largest scientific Institution in the British Empire, 
with a membership of nearly 11 OOO^a great record 
and a great Institution. I suppose the reason why the 
Institution has become so important is partly because 
of the importance of the electrical agencies and of the 
electrical profession, and also because ol its fundamental 
principle, which, I understand, is that of advancing 
knowledge and improving practice—a motto which 
most Government Departments might, well take for 
their own. May 1 say that, in carrjdng out your prin¬ 
ciple, you might combine with the Government insti¬ 
tutions—you doing the I’esearch part, and, at all events, 
the Department over which I have the honour to preside 
doing the commercial part. I presume that it is because 
of my ollicial position that I have been asked to propose 
to-night the health of your Institution, the develop¬ 
ment of which would assist very greatly in the develop¬ 
ment of our overseas trade. I want to see research 
and commerce combined. I am convinced that the 
commercial man who sneers at research, and who is 
not pn,!parecl„ to lay out the necessary funds for the 
development of tlie industry with which.he is connected, 
is far behiml the timas and is a hindrance to the progress 
of commerce in this country and to the development of 
overseas trade. On the other hand, the pure scientist 
sometimejs worlcs merely for the sake of working, and 
for llic pleasure of investigating the unlmown; very 
often not knowing when he is done. I may say that 
to-niglit I liaf e asked, with an inquiring mind, of two 
of the greatest anthoritics on the subject, ** What is 
elcctridiy ? *' and both those scientists have replied 
that lliey do not know. But it is by the development 
of science by the pure scientist, yoked in double harness 
witli 11143 commercial man, that the trade of our country 
lias flevcdoped in the past and will develop in the futup. 

I should like to comment on one project which I notice 
in Cowncirs last Annual Report, that is, the 
development of the vSystem of instruction given to 
oversoHS students coming here into our factories, om 
worltshops and our training colleges. Remembm: this 
—tliat every student from abroad who comes here,, who 
learns ln 3 n.t, and who is well treated here, when he goes 
back to his own country is worth any ten cominerGial 
travelltT.H in tlxc world. He goes back with the deter¬ 
mination in his mind that English science, English trade 
and Jinglish manufacture are better than any o^er 
science, trade and manufacture ki the world.^ When 
hd gets back to his own country, we may be cert^ 
that he will spread abroad the kribwledge of English 
science and English manj.ifacture better than any other 


agency which the scientists or the manufacturers in this 
country could devise. I want therefore to see this 
system very much enlarged and very much encouraged, 
and if my Department's agencies overseas and its staff 
here can be of any assistance in bringing together 
would-be students from Overseas and the factories here, 
we are absolutely at your disposal. May I ask 3 ^ou 
one more thing ? As one who has some knowledge now 
of our export trade, I say that it is of the very greatest 
importance that you should continue to standardize in 
every possible way your electrical specifications so that 
all the world may realize what those specifications mean, 
and so that, when the world sees an English specification, 
it will know it to be one of the best. Whatever dffi- 
culties there may be in the trade of the future, wheth^ 
they are horn tarifis or from any other cause, I assure 
you that quality, for which in the past Great Britain 
has been famous, will overcome all tariffs and all other 
obstacles to trade throughout the world. In every 
country there is always a market for the best. England 
.has always been proud of providing the best. -^Your 
Institution has striven in the electrical industry to be 
of assistance in providing the best. Great as has been 
your past, great as have been the achievements in 
electrical science, that is nothing compared with the 
possibilities of the future. The prospects to-day are 
even more brilliant than they were 50 years ago. Th«:e 
is no man, however keen a scientist he may be, sitting 
at this table who would venture to set a limit to the 
possibilities of the extension of the electrical industry 
and of electrical discover}^. It may be iOiat in another 
60 years* time, when some other Ministry of the Crown 
comes to propose this toast at an enormously enlarged 
gathering, somebody may be able to answer that ques^ 
tion which I asked a few minutes ago. But if it cannot 
even then be answered, you and I are convinced that 
although you may not be able to define it in so many 
words you will deine it by the progress of your Institu¬ 
tion and by the progress and development of electrical 
Institutions throughout the world. I give you, with 
very great pleasure, the toast of '* The Institution 
of Electrical Engineers,'* coupled with the name of 
your President, to whom I wish long life and pros¬ 
perity. 

The President, in responding, said: I have to 
th ank Sir William Joynson-Hicks very cordially for the 
way in which he has spoken of the Ir^tution, and 
I am sure that the words which he has used have faJlen 
very gratefully on the ears of those who axe enthusiastic 
about the Institution. To-night I want to talk about 
three important things. The Report for the year 
ending March. 1922, lately issued by the Electricity 
Cammission, shows that from 536 generating stations 
the total oul5)ut for 1921^-22 decreased by 5j per cent; 
Of those stations, no less than 43 per cent had an oub* 
put of under one million units per annum. The estimates 
lor ei^t. areas provisionally delimited by the Commis¬ 
sioners show that during the next five years the increase 
in output will be* of ilie ord^ of 97 per cent,, and ioT 
ten years about 192 per cent. ^ The published figures^ 
so far as I have seen iliem, suggest that the estimates 
be exceeded. That seems to me to be very hopeful. 
The reason I mention this is that in this country, owing 
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to reasons into wliich it is unnecessary for me to go, 
we have a considerable number of small undertakings 
and, although I am not a power engineer, I am sure 
that the generation business of those small undertakings 
cannot in^ many cases be economical. Now, when we 
consider some of the large undertakings which are at 
present in operation in Switzerland, on our North-East 
Coast, in the United States, and in Canada, we can only 
hope that we shall find in this coimtry a tendency to 
merge and unify the generation of electricity. Let me 
give an illustration. Last summer, at Niagara, I went 
over the Ontario Power Commission's works. The 
Commission was then supplying 275 municipalities. 
Its load was equal to about 340 000 h.p. The 1920 
price for energy for commercial purposes varied from 
1*3 to 6 cents per kilowatt-hour, and for domestic 
purposes the price varied from 2*2 to 4 cents per Idlo- 
watt-hour.. Its big power station on the Niagara Eiver 
was being built with an ultimate capacity of 500,000 h.p. 

I want to conclude my remarks on tliis matter with 
a plea that those who have to deal with these problems 
in this country mil do their best to merge tlieir interests, 
to amalgamate as far as they can, and to build up 
big business^, because it is only big businesses that can 
be strong. The second big thing I want to refer to 
IS international telephony in Europe. At the first 
meeting of the Institution this session reference was 
made to this matter. It was sho%vn that there is no 
longer any technical difficulty in speaking overland 
over any distance that may be desired. Since then 
on 15th January, it was proved that it was quite possible 
to speak ov^r long distances over sea. It was shown 
at our opening meeting that there are working in the 
world telephone lines in everyday use which appear 
very long to European eyes—much longer than those 
we have m practice. I think it is fair to say that no 
Government in Europe—this is largely a question for 

international 

telephone rail on a contractual basis. It will take the 

° it a con- 

teactual basis because no Government has the control 
o I tliink it was shown, also, that 

a fct-ckra extensive telephone service in Europe is 
present conditions. This is no 
ones fault. :^e necessary technical advances have 
only recently been achieved which enable this to be 

it is “0 one's job. 

^e French (^vemment has issued invitations for a 
meefang, which will probably be held next montli to 
consider this matter and see what can be done. This 
IS not a matter for co-ordination. It is not a matter 

for a bc^k of rul®s. There is only one 

^ ^®®^ it t>oi«ily by arranging 

for unity of control for the whole of the 

«... th, 


development in any line of art, science or industry is 
largely a question of money.” That is very true. 
Research is costly in the first instance, but it is veiy 
profitable in the end. It is, however, becoming more 
and more a question of organization and team work. 
I think it is only the big concerns wliich can afford to 
spend the money necessary to bring research to success¬ 
ful fruition. That is why I couple these two big tilings 
\vith research. The third big thing I want to mention 
is the Institution. The membership is now 10 600. 
During the last four years it has increased by over 

3 000. That is at the rate of fl per cent per annum, 
a rate which doubles tlie total in 8 years. The Students’ 
Sections are in a liighly flourisliing condition. They 
never were betfar, and I am glad to say that among 
those Students are many of tliose whom Sir William 
has in mind, "rhere are at present 12 Lfical Centres or 
Sub-Centres holding tliar meetings away from London, 
and in those Local Centres and Sub-Centres there are 

4 700 members, nearly 45 per cent of tlie whole member¬ 
ship. That is to say, tlie Institution is able to cater 
for 45 per cent of its membership away from London. 
One of those Sub-Centres, Liverpool, has just been 
granted the status of a Local Centre, ivith the consent 
and approval of its late parent Centre. In those Centres 
splendid work is being and has been done, and I should 
not like to sit down without expressing the thanks of 
the CouncU to the Committees and tlie Local Officers 
of those Centres. At the same time I ^should also like 
to thank the headquarters staff and particularly the 
Secretary, Mr. Rowell. I •\^ant now to refer to one of 
the offshoots of the Institution. Twenty-five j^ears 
ago tt® late Dr. John HopMnson, tlien PreSident, 
si^ed the Corps of London Electriqeil Engineers. 
Ttet body has now been, shall I say, ro-galvanized 
Mter a period of calm, and it now emerges ?is the 11th 
Anh-^craA Battalion. Lieut.-Col. Edgeumbe wants 
reermte and will be very glad of anyone who will come 
W^tatestS^^ Headquarters are stiff at Regency-street, 

‘ I have talked about the Insstitution, but I do not 
desire to see you occupied solely with the Institution. 
That would be class interest. The smallest unit that 
ought to satisfy the members is the nation. We are 
only part of a body of men who are doing similar or 
ana^gous work to oum; the representatives of some 
ose othw societies have honoured us by their 
prraence to-mght. To those other societies we are 

a^re to do service, and we reach forward with them 
to do our utmost to minister to human needs, and bv 
^p^g the ^ts whidi science gives, to do something 
m^kind more useful, more happy and more 

'i, ^ *’‘^® 

toast has been received " 
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PROCEEDINGS OF THE INSTITUTION. 


688th ordinary MEETING. 30 NOVEMBER. 1922. 
(Held in the Institution Lecture Theatre.) 


Mr. P. Gill, President, took the chair at 

6 p.m. 

The minutes of the Ordinary Meeting of the 16th 
November, 1922, were taken as read and were confirmed 
and signed. 

A list of candidates for election and transfer approved 
by the Council for ballot was taken as read, and was 
ordered to be suspended in the Hall. 

The following list of donations was taken as read, and 
the thanks of the meeting were accorded to the donors;_ 


Museum : The Lords Commissioners of the Admiralty; 
The Delegacy of the City and Guilds (Engineering) 
College; The Engineer-in-Chief, G.P.O.; The Com¬ 
mittee of the Liverpool Public Libraries; Professor T. 
Mather, F,R.S,; C. Owen Silvers; The Elder Brethren, 
Trinity House. 

A paper by Mr. W. A. Gillott, Associate Member, 
entitled ** Domestic Load Building i a Few Suggestions 
upon Propaganda Work (see page 197), was read 
and discussed, and the meeting terminated at 8 J.m. 


25th MEETING OF THE WIRELESS SECTION, 6 DECEMBER, 1922. 


(Held in the Institution Lecture Theatre.) 


Mr. E. H. Skaughnessy, O.B.E., took the chair at 
6 p.m. in the unavoidable absence of Professor G. W. O. 
Howo, Chairman of the Section. 

The niituites of the meeting of the Wireless Section 
held on the Bth November, 1922, were taken as read 


and were confirmed and signed. 

A paper by Mr. E. B. MouUin, M.A., entitled A 
Direct-reading Thermionic Voltmeter, and Its Applica¬ 
tions ** (see page 296), was read and discussed, and the 
meeting terminated at 7.20 p.m. ^ 


689th ordinary MEETING, 7 DECEMBER, 1922. 
(Held in the Institution Lecture Theatre.) 


Mr. F. Gill, 0*B.£., President, took the chair at 
6 p.m. 

The minute.^ of the Ordinary Meeting of the 30th 
November, 1022, were taken as read and were confirmed 
and signed. 

The President: Before we begin the regular business 
it is rny pleasant duty to present to you our latest 
Honorary Member, Dr. l<‘leming. 

Dr. J, A. Fleming : I should like to express my 
deep sense of the honour which the Institution has 
done pie by placing my name on its list of Honorary 
Members. It is a very high distinction, and one which 
1 value and appreciate very much indeed. I have been 
a Member of this Institution now for rather more than 
40 years, having been elected in the spring of 1882, 
when I first came to London as a scientific adviser to 
the old Kdison Electric Lighting Company. Looking 
back on tho.se 40 years 1 see a wonderful vista of inven¬ 
tions, in the origination and development of which mem¬ 
bers of this Institution have played a most important 
part. In those days the name of •the Institution was 
tba Society of Telegraph Engineers and Electricians, 
and there wa.s no " heavy electrical engineering in 
the senfse in which we noyr understand the term. The 


incandescent lamp had only just been ‘ invented by 
E^on and Swan. Dynamo machines in those days 
were considered rather wonderful if they could run for 
24 hours without breaking down. Transformers and 
alternators had hardly been invented at all, and all 
our modem appliances, such as wireless telegraphy, 
were undreamed of. In looking back on that period 
one sees the first developments of electrical engineering, 
and I feel confident that in another equal span of time 
other wonderful inventions will be evolved. Let us 
hope that if our statesmen and politicians can steer 
the ship of State into smooth waters, and Ihose conditions 
return which will give a proper financial reward to all 
electrical engineers in return for the great benefits 
which they bestow upon the community, these things 
will come to pass. It is a distinction to belong to this 
!(pstitution in any form or in any rank, and it is a very 
great distinction to be numbered among its Honorary 
Members. 

A paper by Mr. A. M.^ Taylor, Member, entitled 
" The Possibilities of Transmission by Underground 
Cables at 100 000/150 000 Volts (see page 220), was 
r^ad and discussed, and the meeting terminated at 
8 p.m. 
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690th ordinary MEETING, 14 DECEMBER, 1922. 
(Held in the Institution Lecture Theatre.) 


Mr. F.pill, President, took tlie chair at 6 p.m. 

The minutes of the Ordiifaxy Meeting of the 7th 
December, 1922, were taken as read and were confirmed 
and signed. 

The President: There is a purely formal matter in 
connection with the Wilde Benevolent Fund which I 
wish to put to the members. The Council have taken 
steps for the transfer to the members of the chartered 
Institution of the benefits under the Wilde Benevolent 
Fund which accrued to the members of the old Institu¬ 
tion. For certain legal reasons the transfer will have to 
be effected by means of an application to the High 


Court. As it is possible that the learned judge may 
ask whether there is a sufficient number in*^ favour of 
the transfer being effected (there has to be no particular 
number of members) it was thought wise to ask whether 
anybody present has any objection. The point is 
purely formal. I take it -^at you agree to this course 
being followed. [The members present unanimously 
signified their assent.] 

A paper by Major J. Caldwdl, entitled " Electric 
Arc Welding Apparatus and Equipment ** (see page 263), 
was read and discussed, and the meeting terminated 
at 7.46 p.m. 


691st ordinary MEETING, 4 JANUARY, 1923, 
(Held in the Institution Lecture Theatre.) 


Mr. F. Gill, O.B.Em President, took the chair at 
6 p.m. 

The following vote of condolence with the family of 
the late Sir John Gavey, C.B., Past President, was 
passed, the members standing in silence:— 

*^The members of the Institution of Electrical 
Engineers have, learned with profound regret of the 
' death of Sir John Gavey, C.B., Past President of the 
Institution, and hereby desire to express their sincere 
S 3 mipath 55 ,with the members of his family in the great 
loss which they have sustained through his death.'^ 


The minutes of the Ordinary Meeting of the 14th 
December, 1922, were taken as read and were confirmed 
and signed. 

A list of candidates for election and transfer, approved 
by the Council for ballot, was taken as read and was 
ordered to be suspended in the Hall. 

Mr. F. Greedy, Associate Member, -dhen delivered a 
lecture entitled ''Variable-speed Alternating-current 
Motors without Commutate " (see page 309), and ihe 
lecture was followed by a discussion (see page 326), 

The iheeting terminated at 8;6 p,m.‘ 


26th MEETING OF THE WIRELESS SECTION, 10 JANUARY, 1923. 
(Held in the Institution Lecture Theatre.) 


Prof. G. W. O. Howe, D.Sc., Chairman, took the 
chair at 6 p.m. ^ 

The minutes of the meeting of the Wireless Section 
held on the 6th December, 1922, were taken as read 
and were confirmed and signed. 


A paper by Mr. C. F. Elwell, Member, entiiled " The 
Design of Radio Towers and Masts: Wind-Pressnre 
Assumptions " (see page 407), was readrand discussed, 
and the meeting terminated at 7.16 p.m. 
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SIATIONAR'V "WAVES ON OPEN-ENDED SOLENOIDS.* 

By A. Press, Member. 
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(Paper first received, m December, 1921, and in final form Uth April, 1922.) 
The problem of the coupling coil has received new 
importance physically because of its application to 
wireless signalling. The nodal-point distribution on 
an elongated lesla coil has been recentiy investigated, 
and it was found that the nodal distances fell off in 
value as the ends of tlie coil were approached.f 
Tins attenuation of distance had been attributed to 
end-effects, but it win be shown in this paper that 
the cause is rather a body effect. Naturally, with the 
maximum self-induction and capacity per unit of 
length occurring at tlie middle of the coil, the results 
must be of altogether different cliaracter from those 
obtaining in a Bessel's antenna, J where the capacity 
per unit of length diminishes as the self-induction 
coefficient increases. The same would be equally true 
against the Bosscl's cable of Oliver H[eaviside,§ although 
the general dilferontial characteristics still apply. 

For the prcsenkt case assume the following relationship 
for a coil with the co-ordinate x measured from the 


centre oxrtward. 


Loi —• 


L 

a - 


( 1 ) 


diminish together 
arbitrary function 


In the above equations Lg, and (7^. 
towards the ends of the coil, tlie 
^(a;) depending on the geometry of the coil only. In 
tho Maxwellian theory the capacity per unit of length 
is to b (5 determined from the direct-current condition 
only with oticf-half of the coil charged plus and the 
otluir half minus. This method has always been implied 
in dealing with ivaves along wires (see, notably, the 
work of Heaviside ||), 

The differential equations of condition, neglecting 
resistance, being oi the form || 


( 2 ) 


♦ The Coimnittecs invite written communications (wth 

a viewer! publication in the Journal if approved by the Co^ 
inittee) oil papers published in the Journal read 

at a should r^ch the S^etaj of 

the Institution not later than one month after publication of the 

paper to which “ Electric Os^^atlons to Str^ht 

Wirts^aiui-LlmA' 7our^^J.EE 69. p. 771; 

Briers Anteiina,*' Proceedings of the InslrMe of Radio Engineer , 

"s "Eleotoom^e^Theory," vol, 2. p. 238. 

j| Loe.*cU,t p* 230, Equation# (1) and (2). 

Voh. 61. 
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On separating out the voltage and current functions 
we have 


(3) 


The above equations bear a considerable resemblance 
to Bessel's equation. If then we make use of equation* 
(1) it follows that for sustained oscillations of frequency 
/— (l/27r)p, Equation (3) reduces to 


dx^ 


' 4>{x)’ dx^ dx^ 


= 0 


(4) 


with a similar equation in i. 

The solution of Equation (4) has been determined by 
the author to be of the form 


6 = [A sin f{x) -f- B cosf{x)] sin pt 
where we also have as conditions first that" 


and secondly, that 




2^V(^C) 


(5) 


( 6 ) 


(7) 


Provided, therefore, that any function such as ^(x) is 
known, the corresponding solution (5) is also known. 

By inspection it follows from Equation (5) that the 
nodal distances of potential and current .should progres¬ 
sively d^ Tninish toward the free end of the coil. Condi¬ 
tion (7) implies that, provided the distributed inductance 
and capacitance accord with Equations (1), very sharp 
resonance will result. 

To check the above type of solution (6) consider 

6 = Sin/(a:) -|- B cosf{x) 
then deldx =;= A cos/(a?) J'x — B smf(x) J'x 
and (l/fx)^ldx ^ A cos f{x) - B sin f{x) 

Operating once more with dfdx we have 


/ 1 \ ^ 
dx\f'x) ' dx 


^ - 1 - 
f'x * dx^ 

. = - A sin/(a?) .foe-B cos/(a?) ./'a; = f'x . e 

from which we have, on multipl 3 dng through by f'x, 

^ 5 j -r 17 dx ^ 

28 
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This therefore necessitates, according to the first 
equation of (3), 

(rx)^=^L^c^p^ 

Writing therefore 

= Wx(fx) == Ll(l)(x) (wiiere X is a constant), 

^x = (where C is a constant), 

we have LCI(<f>x)^ ; l/(^)2 

provided we put LGp^^ 1, wliich gives l/y'(X(7). 

Equation (5) may be said to give the "'resonant'' 
solution. The "dissonant" solution is given by an 
expression of the t^qpe 

e == . sin . . . (8) 

which applies more particularly for the case of dead-ends 
wWch naturally give rise to out-of-phase reflection 
phenomena. The latter circumstance has important 
practical consequences for wireless work where the 
shaij)est t^e of resonance is a desideratum. 

In passing, dealing with the subject of the self- 
mduction coefficient of a coil, it has been held recently 
^at the coefficient is a function of the frequency. 
There is no evidence of tliis in Heaviside's " Electro¬ 
magnetic Theory.” Thus in considering a closed 
circmt we have the expression, neglecting resistance. 


n 


d<j> 


e 


( 9 ) 


---r__ 

where e is the impressed E.M.F. and ^ represents the 
aggregate flux linking the circuit, on the basis of n 
effective turns. Turning now to the case of a very 
long transmission line [where capacities are naturally 
present and we have the formula O — ll(Lc^)» where 
c is tlie velocity of light] with a frequency of practically 
zero value, it is endeavoured to put Equation (9) Into 
the form 


d(j) di 

n-? =r X —=z , 

dt dt 


( 10 ) 


Here X is presumed to refer to the conductive length 
of the circuit only. Each elemental length da of the 
conductive portion is presumed to add its quota of 
flux linkages physically cut the circuit forming 
the conductor, in accordance \vith the Faraday require¬ 
ment. Having thus aUocated a definite flux-cutting 
value to each portion of the conductive part of the 
<^cmt for tlie same current intensity * passing through 
It It IS further held that for the case of liigh frenuenci^ 
where the current intensity may be varied, the voltage 
set up per element of length ds is still of the form 


^ toe older iratere have employed the above theory 
m toeir mvestigations of stationary -waves on wires 
Ihe meth^ applies, of course, to the electrical configu- 
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THE DESIGN OF RADIO TOWERS AND MASTS: WIND-PRESSURE 

ASSUMPTIONS. 


By C. F. Elwell, Member, 


{Paper first received SOtk November, and in final form 1th December, 1922; read before the Wireless Section 

lOih January, 1923.) 


Summary. 

In all theory, design and specifications, some assumptions 
are necessary and, as experience is gained, the value and 
accuracy of these assumptions is made apparent. The 
ultimate weight and cost of a structure is influenced in no 
small degree by the initial considerations, and in the par¬ 
ticular field under review the question of maximum wind 
pressures and the law connecting such pressures with height 
above ground level, are of primary importance. It is the 
intention of this paper to review briefly the results of past 
experiments and endeavour to point out what are safe and 
economic values of wind pressures for design purposes. 
The need for the standardization of wind-pressure assump¬ 
tions will also be brought out and it is sincerely hoped that 
practical action will be taken in the near future. 


Nea;^on*s Theory for Fluids. 

The general theoretical treatment extends from 
tlie time of Galileo (1690) ^nd was put into practical 
form by Newton in his Principia about 1687 in 
terms #1 which are expressed to-day by the general 
formula * 


n = db H = 

where p = pressure on the body; 
a = area of body; 
d = density of fluid ; 

^ velocity of fluid relative to the plate; and' 
H =s SS5 height required for a body to attain 
a velocity v under the action of gtavity. 

This formula modified to apply particularly to air 
becomes 

0*0027 P ^ 

^ “ 1 -I- 0*003665i * Pi 

where p = pressure in lb. per sq. ft. of exposed area; 
• temperature in degrees C,; 
p barometric pressure at place of observation ; 
Pi =: barometric pressure at sea level at the 
46th parallel of latitude and at 0® C.; and 
V = velocity of fluid in miles per hour. 

At zero temperature and sea-level barometric pressure 
at the 46th parallel this formula reduces to: 

X 0-0027<^ 



* Engineering News Record, 1896, vol. 36, p. 176. 


In this formula K (equal to 1 in this case) is a constant 
introduced for the comparison of Newton's theoretical 
formula with the later formulae of practice and 
experiment. 

All investigators have sought to prove the formula 
or to find the extent of the discrepancy, and have foimd 
that K varies between 1*3 and 1*8, the “gain being 
ascribed particularly to the partial vacuum in the 
rear of the plates. In these investigations some have" 
added constants to allow for this, while others uave 
added terms to express variations in the higher powers 
of V, producing formulae of the general form 


p^ A + Bv 

Examples of formula!, —Stevenson* gave 



where V = velocity at level H ; and 

h = known height at which the velocity is v. 

E. Douglas Archibald f found, from observations 
between 300 and 1 300 ft.. 



where V, v, H, and h are the velocities and heights 
of the upper and lower instruments respectively. He 
says the general and obvious conclusion to be drawn 
... is that the velocity of the wind always increases 
from the surface of the ground up to 1 800 ft. , . 

Sir Napier Shaw givesj 


where V = velocity at a height H above ground ; 

Fq = observed anemometer reading in a fixed 
position; and 

a :=s a constant obviously depending on the 
position of the anemometer, topography 
and other factors. 

In general it has been found that near the earth 
ijie actual velocity is exceedingly irregular, but that 
the average velocity increases with height. The rate 
of increase increases with the average velocity, and 
decreases with the elevation^ 

» Journal of the Scottish Meteorological Society, 1880, vol. 6- 
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Among the most interesting observations on the 
relation of wind velocity to altitude are those of Dr. 
Cesaxe Fabris * based on some 200 pilot-balloon flights 
made at nearly equal intervals during the period 
June 1910 to May 1911 at Vigga di Valle, Italy, the 
principal<aBrological station of Jhe Royal Italian Oceano¬ 
graphic Committee. This station is about 26 miles 
N.W. of Rome and its co-ordinates are as follows: 
Lat. 42 04' 4rN.; long. 12 12' 43^ E. ; altitude 
272*4 m. Fig. 1 f gives an indication of the relative 
velocity at various heights above ground level, i.e. 
272 m. Although the curves are for elevations greatly 
in excess of those of any interest to the designer of 
radio masts, it is interesting to note that each shows 
a distinct and regular increase of wind velocity with 
height, for the range of 272 m to 600 m, i.e. a range 
of about 1 000 ft. 

J. S. Dines also carried out balloon observations 
at Famborough in 1912. 

« 

Som;i? Assumptions and Experiments which have 

BEEN MADE IN THE PAST. 

Tay Bridge Commission.—AitQT the disaster to the 
Tay Bridge, the Commission gave their finding and 
rules, of which the following are the most important 
recommendations:— 


were experienced. Records of two were rejected on 
account of suspected inaccuracy of tlie instrunients. 
For these tests the following methods of measure¬ 
ment were adopted ; , A large fixed board or gauge 
20 ft. by 16 ft. was erected on top of the old castle 
on the island of Inch-Garvie, placed so as to be parallel 
with the bridge, and provided with small disc gajiges 
at its centre and at one of its corners. About 8 ft. 
from one side of the large gauge was anotlier small, 
fixed one having an area of about T • 6 sq. ft., and also 
a second disc of tlie same size but diflfering from the 
others in that it was free to turn. This second disc 
was kept pointed to tlie wind by means of a vane. 
All were read at about 9 a.m. each day for 6 years. 

In addition to these tests Sir Benjamin Balcer carried 
out tests with a wind blast on small models of trusses 
and lattice girders, and satisfied himself that an allow¬ 
ance of 1*8 times the exposed area of the front girders 
was ample to cover the total wind load on tlie front 
and back ironwork. 

Four out of the 12 gales were at right angles to the 
plates used and tlie following results were obtained: 

Small fixed gauge .. 26, 27, 41 and 38 lb. per sq. ft. 

Small revolving gauge 30, 26, 36 and 36 „ 

Large fixed gauge .. 17, 19, 27 and 16 


Wind pressure to be 66 lb. per sq. ft. on girders, 
trains, etc., on the actual area exposed to wind, plus 
an allowance of 28, 42, or 66 lb. per sq. ft. according 
to whetlier the ratios of the open spaces of the leeward 
girders to the total area of tlie outline of the girder 
are less th^ firom | to f, or greater than f. 

The same Committee also gave it as their opinion 
that ^ 

^ 100 

^*fnncan Society of Civil Engineers, 1880._ 

Messrs. Welch, Shaler Smith and CoUingwood read a 
paper Md gave the following records of the most violent 
Wind force during tornadoes, etc.:— 

Blowing down 3 bridges at 18-27 lb. per sq. ft. 

Train derailments at 30-6 lb. per sq. ft. 

Destruction of brick houses at 68-84 lb. per sq. ft. 
wertuming a barrel of tar at 62 lb. per sq. ft. 
Overturning a locomotive at 93 lb. per sq. ft. 

^ piano being lifted bodily, 
^^ported 270 ft and set down again on its lej 
Without apparent injury. ® < 

Ingberg f in 1917, writing of the efEects of tornadoes 
m recent storms, gave the figures, calculated from 

S tTT w !7’ 29, 46, 39 and 20 lb. 

P sq. ft He says; These pressures (tornadoes) are 

ft., so that structores 

^ ““® “*act as to their 

mam structural members." 

^ Benjamin 
(1884r-1890 ).}—*1 the years mentioned 14 gales 

p. 37. TOassographico ItoHmo, 1912, Memoria 8, 

t Engimering News Record, 1917, voL 79 n 7 <i<i 
t Engmeermg, 1890, voL iS, p. tit ’ ■ 


Ihe remainmg 8 gales were at about 46° to the gauges, 
so that the pressure recorded by the instruments was 
only about 90 per cent of tiie actual pressure normal 
to the plate. The actual readings were 


Date 

-iF- 

Small 

revolving 

gauge 

Small fixed 
gauge 

Large fixed 
g«»ugc 

27/10/1884 

Ib./sq. ft. 

29 

lb./sq. ft 

23 , 

lb./8q.fi. 

18 

28/10/1884 

. 26 

29 

19 

31/3/1886 

26 

31 

19 

4/2/1887 

26 

41: 

16 

6/1/1888 

27 

16 

' 7 

2/11/1889 

27 

34 

12 

19/1/1890 

27 

28 ^ 

16 

26/1/1890 

27 

24 

IS 


As this bridge was designed for 66 lb. per sq. ft. these 
results show an unnecessarily large factor of safety. 

Bidston Observatory, near Liverpool .—^Pressures wwe 
measured simultaneously on a cup anemometer and on 
a plate 2 ft. square. The instrumeaits used were a 
Robinson cup anemometer for measuring velocity 
and an Osier spring-pressure anemometer for recording 
pressure. The results are given on page 409. 

With reference to these figures for Tti<lgtnn Obser¬ 
vatory, it has been pointed out that, as no damage 
was done, the figures are obviously useless and in¬ 
accurate. W. H. Dines in Ihe section on " Anemo¬ 
meters’' in the Encyclopedia Britawnica says 
several of these have been erected on the West Coast of 
England, where in -v^ter fierce giJ.es occur. A pressure 
of 30 H). per sq. ft.'has never bem recorded by 
and pressures exceeding 20 lb. per sq. ft, are extrem'Sly 
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That these figures are inaccurate is shown by the 
tests paade on the Forth Bridge, where an average 
reduction of 40 per cent is necessary on the value of 
tlie pressure recorded on the small plate in order to 
obtain the true value registered on the large plate.. 

Eijfel Tower observations (1889).*—^Records were 
takeji at fwo points simultaneously, viz, at elevations 
of 69 ft. and 1 064 ft. Of these records,, taken on 101 
days, tlie average velocity was 4 • 9 m.p.h. at the bottom 
point of observation and 16*7 m.p.h. at the top. The 
velocity at tlie top was greater than 17 m.p.h. for 
39 per cent of the time and greater than 22 m.p.h. 


Dat<j 

Pressure on plate 

Velocity 


lb./sg. in. 

m.p.h. 

23/1/1884 

70-5 

78 

20/5/1887 

66-2 

78 

26/1/1888 

49-2 

74 

20/11/1888 

49*0 

71 

3/6/1888 

44-4 

66 

30/3/1886 

41-9 

62 

26/10/1884 

40-6 

64 

9/12/1886 

40*4 

69 

3/2/1887 

40*1 

66 

1/11/1887 

40-0 

57 


From tills p X 0*0027v^, andiC = 3*8 (average) ; 
or 0 * 01 v 2 (Tay Bridge Commission Report). 

# 

for 21 per cent of the time. The following intensity 
ratios were found experimentally:— 

sr: 6 f— 3 m.p.h. 

Zt wheuF,K,J=J ;; 

,= 2 1= 7 

The S.P. Wing experiments at Ballybunion.^—ln 
1916, S. P. Wing made a contribution to the knowledge 
of this important subject, the value of which can best 
be judged by tlie remarks of R. Fleming in an article 
on ‘‘Wind Pressures at Higb Elevations and their 
Applications to Radio Towers." t The investigation 
was carried out on 492, 300 and 15 ft. levels, and being 
on radio masts the results obtained are of considerable 
practical value. Mr. Wing came to the conclusion, 
although fully recognizing the incomplete and un¬ 
satisfactory nature of the results obtained, that the 
increase of pressure with elevation follows a law 
approximating to 


. 7‘opJ 


P = (0-00126A H- 1-16)P, 


where P = pressure in lb. per sq. ft. at a height h above 
ground level; and 

pressure in lb. per sq. ft. at ground level. 

For example, with an assumed pressure, Pg, of 27 Ib. 

per sq. ft., corresponding to a wind velocity of 

the pressure P at an deviation of 820.ft. would be 59 lb. 


* Bcientific American Supplmei^, 1390, vc4 30, page 12121. 
t Electrician, 1921, '^l. 87, p. 6. 
t Engineering News Record, 1922, vol. 88, p, 438. 


per sq. ft., with a corresponding wind velocity of 
118 m.p.h. 


Some Examples of Wind-pressure Assumptions in 

Connection with Radio Towers and Chimneys. 

n 

In 1911, specifications issued by the United States 
Government for a square tower 200 ft. in height called 
for a wind pressure of 50 lb. per sq. ft. In a speci¬ 
fication issued in 1914 for 300-ft. triangular towers 
to be erected at Key West, Florida, the specified pressure 
was 30 lb. per sq. ft. Towers, 600 ft. in height, built 
at Guam have the wind-pressure assumption of 30 lb. 
per sq. ft. cast in the nameplates.* 

In the case of the tallest self-supporting steel stack in 
the world, i.e. at the plant of the United Verde Copper 
Company, of Clarkdale, Arizona, witli an elevation 
of 400 ft. and a diameter of 30 ft., the wind pressure 
assumed was 25 lb. per sq. ft.f 

The brick chimney at Great Falls, Montana, was- 
for a time the highest in the world, being 506 ft. above 
its foundations with an internal diameter of 50 ft. 
at the top. The wind-pressure assumption was 33 lb. 
per sq. ft. of projected area and this factor "was deter¬ 
mined upon after due consideration of the height, 
the altitude and the very severe winds prevalent in 
the locality, t 

A similar chimney made by the same company 
at Tacoma, Washington, in 1917 is 573 ft. high and 
25 ft. in diameter at the top. At Anaconda, Montana, 
is the highest chimney in the world, with a height of 
686 ft. above the foundations and 60 ft. inten^al diameter 
at the top. In the design of these two chimneys a 
wind pressure of 33 lb* per sq. ft. of projected area 
was assumed.§ 

In the design of a reinforced concrete chimney 570 ft. 
high with an internal diameter of 26 ft. 3 in., built at 
SaganoseM, Japan, in 1916, the wind pressure assumed 
was 26 lb. per sq. ft. of projected area.|| 

Marks in his " Mechanical Engineer's Handbook ” gives 
for guyed steel stacks a wind pressure of 25 lb. per 
sq. ft. of projected area. 

The trian^ar towers at Arlington, Virginia,1f of 
which there are two 460 ft. and one 600 ft. in height, 
were designed for a pressure of 30 lb. per sq. ft., as also 
were the 600-ft. towers at San Diego, Pearl Harbour 
and Cavite. 

For a standard 820-ft. triangular tower proposed 
for Fort Monroe, U.S.A., the specification called for 
30 lb. per sq. ft. on 1’6 times the area of the front 
face.** 

In connection with these figures R. Fleming says 
that, ftp. v'rding to the U.S. Government formula for 
towers erected near lie coast, the actual wind vdod- 
ties corresponding to recorded wind vdodties of 110 
and 100 m.p.h. axe 82-9 and 76-1, whidi (using the 
foflnula j>=0-004t>2) gives 23 lb. per sq. ft. for a 


News Record, 1919, vol. 8S, p. 662. 

Record, 1908, vol. ^*8, p? 600. 
Infincering News Record, 1019, vd, 83, p: 601, 

T'aZAmerierm Soc^ of 
56, p. 60; Engineering 

Engineering News Record, 1919* vol. 83, p. 662. 



410 


ELWELL: THE DESIGN OP RADIO TOWERS AND MASTS: 


recorded velocity of 100 m.p.h., and 27*5 lb. per sq. ft. 
for a recorded velocity of 110 m.p.h. 

Mr. Fleming also adds that he believes that with 
the assumption of 30 lb. per sq. ft, on 1*5 times the 
exposed area of one face, working stresses of 18 000 lb. 
per sq. in. in tension and (18000 — lOlJh) in compression 
are permissible for all loadings, where I = length of 
column in compression, and Tc = least radius of g 5 nration. 
His preference is for 30 lb. per sq. ft. on 1*75 times the 
area of one face, 20 000 lb. per sq. in. for tension and 
(20 000 “* 90Z/A;) for compression. 

The J. G. A^ite Engineering Corporation built 10 
stations in which the 79 masts consisted of a steel 
tubular pattern built up of half or quarter cylinders, 
and ranged in height from 300 ft. to 600 ft. In this 
design a wind pressure of 30 lb. per sq. ft. of projected 
area was assumed. 

R. Weagant in an article on " Design and Construc¬ 
tion of Guy-supported Towers" * gave a worked 



Fig. 1.—^Increase of wind velocity with elevation 
(after Fabris). 


example of a 626-ft. tubular mast. His assumed wind 
loads were as follows — 

Up to 100 ft. elevation, 16 lb. per sq. ft. of projected 
area. 

From 100 to 200 ft. elevation, 16 lb. per sq. ft. of pro- 
jected area. 

From 200 to 300 ft. elevation, 21 lb. per sq. ft. of pro- 
** jected area. .r 

From 300 ft. to top, 25 lb. per sq. ft. of projected area. 

Radio Central Station of the Radio CorporationA^ _In 

;^e recently constructed station at Port Jefferson, 
Long Island, U.S.A., the towers, of which there will 
ultimately be 72, are 400 ft: in height. The wind load 
^sumed in the design was 30 lb. per sq. ft. on t\^ce 
the projected area of one ffice for the top 300 ft. and 

10 ^^^ ^ ^ 

Radio Station at Croix"D*Hins, Bordeaux, France,— 

of Radio, Engineers^ 1916, voh 8, 
t Engineering News Record, 1922, voi. 88, p. 4S8. 


The eight towers, each 820 ft. in Height, were designed 
by the Bureau of Yards and Docks, U.S. Navy, and 
constructed by the Pittsburgh Des Moines Steel Co. 
The wind pressure assumed was 30 lb. per sq. ft. on 
1«5 times the area of one face. 

Marconi Company 820-//. tower specification ,—a 
specification issued in 1919 by the Marconi^ Company 
for 820-ft. steel towers, the wind pressure specified 
was 30 lb. per sq. ft. on the whole of one face in the 
direction of thre wind, and a similar pressure on tlie 
back. 

Imperial Wireless Commission, specification ,—In a 
specification recently issued by the General Post Office, 
covering 820-ft. masts for the Imperial wireless chain, 
a wind pressure of 60 lb. per sq. ft. over the entire 



Fig. 2.—Increase of velocity and presstirc with elevation 
(after Wing). 

height of the mast is specified on 1 • 6 ;*:imes the front- 
face area for triangular masts, and 1*8 times the front- 
face area for square-section masts. 

Head frames, —^M. S. Ketchum in his " Structural En¬ 
gineer’s Handbook ” specifies for wind loads on head 
frames a pressure of 60 lb. per sq. ft. acting on the 
projection of the members of the head frame. R. 
Fleming says: ** The load of 60 lb. seems excessive even 
for head frames in locations subject to high winds.” 

o 

Conclusion. 

^ Many more examples of the variety of specifica¬ 
tions employed in the past for the pressures due to 
wind could be quoted, but sufficient have been given 
to provb considerable difference of opinion. By tabu¬ 
lating the data and reducing to a common form of 
expression, e.g, the total pressure^ on the structure 
in lb, per sq. ft. of the front face, the divergence of 
opinicfii can readily be seen to be from 16 to 112 lb. 
per sq. ft. ^ 

In building design, the assumption that the wind 
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pressure at the top is the same as at ground level may 
not productive of any harmful results. In radio 
mast and tower design the load due to the wind is, how¬ 
ever, the chief load. Masts when unloaded are held 
vertical and designed to lie in a straight line, or as 
an arc of, a circle when fully loaded. A wrongful 
assuftiption as to wind-pressure distribution from the 
top of tlie structure to the bottom can readily upset 
the designer’s calculations as to the position which 
the mast will talce up in a gale. 

In order to appreciate the economic waste which is 
present in employing 60 lb. per sq. ft., for example, over 
the entire height of an 820-ft. mast, as opposed to a 
graded wind pressure of from 27 to 69 lb. per sq. ft. 
as shown on Fig. 2, the comparative quantities of struc¬ 
tural steel, stay wire and concrete have been calculated. 
If, as is very possible, the assumption of 27 to 69 lb. 
per sq. ft. should be excessive and one-half of these 
values be sufficient, then the further possible percentage 
saving is also shown. 


Structural steel 
Stay wire 
Concrete ■ • 


601b. 

27-59 lb. 

13-5-29’61b. 

128 

100 

76 

140 

100 

60 

166 

100 

60 


We have no definite knowledge as to how wind pres¬ 
sures, especially liigh wind pressures, vary with elevation, 
but it seems clear that they are not the same at the 
ground as at, sa;^, an elevation of 1 000 ft., and the evi¬ 
dence points to the top pressure being more than double 
die pressure at the ground, sd that it is not a negligible 
factor. The designer then seems to be more nearly 
approximating to actual condition if he adopts such^ 
a curve as Fig. ^2 than if he assumes the same pressure 


both at the top and at the bottom of the structure. 
In our own design work we use this curve for lack 
of knowledge of one which more nearly approximates 
to actual conditions. Perhaps the discussion on this 
paper ^11 bring forth hitherto unpublished data taken 
at radio stations or elsei#here, which will cause us to 
modify our views. 

If it prove that no more data exist on this important 
subject than have been brought out in this paper, it 
seems* to indicate tliat we should attempt to gain diis 
knowledge without delay. With the large number 
of high radio masts and towers which have been built 
in recent years, there are many opportunities for fixing 
recording anemometers or pressure indicators at ground 
level, at the top and in as many intermediate positions 
as funds will permit. If this paper should serve to 
inspire any of the owners of high radio masts or towers 
to equip them with the necessary recording instruments 
with a view to filling a void in our knowledge, it will not. 
have been in vain. The Imperial Wireless Commission, 
the Radio Research Board, the National Physical 
Laboratory and the British Meteorological Office acting 
in collaboration with the owners of high masts could 
soon produce a much more accurate solution of this 
important problem. If the Wireless Section of this 
Institution would take an active interest in the solution 
of this problem, more satisfactory data would soon 
become available. 

In conclusion, one cannot do better than quote the 
Encyclopedia Bntannica in connection with power- 
transmission towers, to the effect that *^the actual 
possibility of wind pressure is very gene?ally over¬ 
estimated and has resulted in much needlessly costly 
construction.” 


APPENDIX. 


Summary of some Wind-Pressure Assumptions. 



Wind 

pressure 

Value of 

Pressure on 
front face 

Remarks 

Tay Bridge girders . 

Tay Bridge girders . 

Tay Bridge girders .. 

Forth Bridge design 

U.S. Government . 

U.S, Gdvernment . 

U.S. Government . 

United Verde Copper Co. . 

Great Falls, Montana .. 

Tacoma, Washington .. 

Anaconda, Montana . . . • 

Sagaiioseki, Japan . . 

Marks’s ** Handbook ” ;. 

San Diego .. .. • • • • ♦ • 

lb./sq.'ft. 

66 

66 

66 

66 

60 

30 

30 

25 

33 

33 

33 

26 

26 

30 

30 

H-2ai 

-j- 42 
-i-56 
4*8 

1 

1 

1 

1 

1 

1 

1 

l" 

1 

1 

lb./sq. ft. 

84 

98 

112 

101 

60 

30 

30 

25 

33 

33 

33 

26 

25 

30 

30 

Open spaces < | total outline 

Open spaces | to | total outline 

Open spaces > f total outline 

Sir B. Baker considers excessive 

200 ft. square tower, 1911 

300 ft. triangular towers, Key West 
600 triangular towers, Guam 

400 ft. steel stack ; 30 ft. top 

606 ft. steel stack; 60 ft. top 

673 ft. steel stack; 25 ft. top 

686 ft. steel stack; 60 ft. top 

670 ft. concrete tower 

Recommended for guyed steel stacks 
460 ft. and 6J>0 ft. towers 

600 ft. towers » ^ ‘ 


\Coniinued cm page 412. 
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APPENDIX— continued. 


Summary of some Wind-pressure Assumptions, 



Wind 

pressure 

Value of K 

Pressure on 
front face 

Remarks 

Pearl Harbour. 

lb./sq. ft. 

30 

1 

lb./sq.ft. 

30 

600 ft. towers 

Cavite Harbour .. 

30 

1 

30 

600 ft. towers 

Fort Monroe 

30 

1-6 

45 

820 ft. tower 

R. Fleming . 

30 

1*5 

46 

General recommendation 

J, G. WMte & Co. 

30 

1 

30 

79 tubular masts 

R. Weagant . 

16 

1 

16 

Round masts, up to 100 ft 

R, Weagant .. 

26 

1 

26 

Round masts, over 300 ft. 

Port Jefferson 

30 

1*6 

46 

400 ft. towers, up to 100 f 

Port Jefferson . . 

30 

2 

60 

400 ft. towers, over 300 ft. 

Bordeaux^. • 

30 

1-6 

45 

820 ft. towers 

Marconi Co. .. .. . • • • • • 

30 

2 

60 

820 ft. specification 

Imperial Wireless Comnussion. 

60 

1-6 

96 

820 ft. mast 

Hef^i frames . 

60 

1 

60 

Fleming regards as excess! 


Discussion before the Wireless Section, 10 January, 1923 . 


Dr. W. H. Eccles: The information collected in 
the paper is, of course, largely meteorological, but it is 
also interesting to constructional engineers because it 
gives definite data and facts about existing structures 
of great altitude. The author emphasizes two main 
issues. The first is that the grading of the wind pres¬ 
sure with ^height ought to be adopted in designing 
masts and towers for wireless purposes, and the second 
is that many of these high structures are unnecessarily 
costly because windage and safety factors of too large 
value have been assumed by cautious designers. With 
regard to the first point, the grading of wind pressure, 
the author discusses the subject from the point of 
view of measurements in the open air under fairly 
ordinary conditions. It is well known that in all 
ordinary air movements the velocity at ground level 
is much smaller than that at a height of 1 600 ft., 
where the velocity attains a value approximating to 
the theoretical value computed from the isobars on 
the synoptic charts. This distribution of velocity 
seems to hold good also in heavy winds and even in 
gales; but it is not for those conditions, which we 
may call peace conditions, that the designer of a mast 
has to work. No mast reasonably strong has fallen 
"down under ordinary air movements. One has to 
design for a time of crisis when the motion of the air 
is so turbulent that probably all the data and theory 
which we have had put before us break down. For 
example, if two extreme cases of air movements, such 
as those in England and those in Hong-Kohg, be con¬ 
sidered, it will be found that there are at least two 
different tj^es of atmospheric crisis. The type '^e 
liave in England usually appears as a "'line squall.** 
These are not very frequent—^possibly they ccTme 
about once in 10 years on the average—^but it is for 
such conditions that the designs of masts hag to pre¬ 
pare. He dismisses all considerations that are based 
on the measurement of air velocities during the pre¬ 
ceding 10 years of peace; he has to think of the 


! 30 seconds of crisis. During a line squall tlie motions 
of the air are quite different from tliose in normal 
conditions. In these islands the line squall is pro¬ 
duced by a cold wind usually coming from the west 
or the north-west almost broadside on to a mass of 
warm air which would o'Uierwise be moving from, the 
south. Because the velocity above is greater than 
the velocity below, the upper layers of the pold air 
push ahead of the lower layers and the border between 
the warm and cold air leans forward,'Tas it were, as 
the motion takes place, and consequently large masses 
of cold air fall through the warmer air from a height 
of about 2 000 ft. The warm air underneath the crest 
of this wave of cold air breaks like a big bubble 
through it, and the consequence is a horizontal rolling 
process of the front of the cold current of air. That 
rolling motion seems to have its centre at a height of 
about 1000 to 1600 ft., and it istherefore quite 
possible to experience for an instant a velocity near 
the ground greater than 60 m.p.h. and a velocity of, 
say, only 40 m.p.h. at 1 000 ft. up. On account of 
this rolling motion we may have for a few seconds a 
complete reversal of the conditions of which the autlior 
has told us. That, however, is not tlie worst of the 
matter from the point of view of the design of high 
towers, because when the warm air suddenly crises in 
the atmosphere the water vapour in it condenses and 
huge volumes of rain and hail are formed, which, 
descending through this cold wind below, gather a 
horizontal component of velocity as they faU. When 
the momentum of the rain, hail or snow is added to 
that of the wind, much higher pressures than those 
mentioned in the paper are obtained. What we really 
want, it seems to me, are the statistics of the total 
pressures on structures during €bie times of crises, 
The statistics taken during the preceding 10 years of 
peace are not^bf any direct value. They are of 
indirect value in the sense that every scrap of know¬ 
ledge which we obtain enables us to make better calcu- 
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lations next time, or shows ns how from that know- ( 
ledge Ve can compute what happens in the turbulent i 
condition of the atmosphere that I have tried to i 

describe. The other extreme case I referred to, the : 

typhoon, consists of a rotation of the air around a 
vertical ii^stead of a horizontal axis. At a place like 
Hoxlg Kong it seems to be expected that certain tracts 
of country are sure to get a t 3 ^hoon every few years, 
and if the buildings are light enough they get removed 
at fairly regular periods. There are exceptions, of 
course, which stand for 60 or 100 years, but the insur¬ 
ance companies would not base their premiums on 
such cases. The other thing I should like to men-* 
tion—and I think the author has not referred to it— 
is that we really must take account of the d 3 ma- 
mics of the matter in the design of these structures. 

A big mast in a turbulent atmosphere rocks first one 
way and then the other, and the motion may be as 
much as 10 ft. at the top of an 800-ft. mast. This 
motion must tend to take place, as in the case of 
every fairly rigid body, about a dynamic centre fairly 
near the centre of gravity. The problem becomes 
different according to whether the mast is fixed into 
a massive block or has a pivoted foot. I do not know 
that one type is more dangerous than the other in 
practice, but we have less experience with the one 
with the swivel base. The dynamics of both prove to 
be very difficult, chiefly on account of the efiects of 
the guys. If it be assumed that the mast tends to 
rock about the centre of gravity, it will be found that 
very big thrusts are imposed sideways on the base. 
To prepare for this the design should be such that 
the cdhtre of gravity of the mast will be fairly low, 
lower in the^case of a pivoted mast than with one 
footed in concrete. When all these factors are taken 
into accou»fc, one feels it is best to use a rather large 
windage value and so keep the centre of gravity low. 
And there are other reasons for this. The author 
quotes from thS Encycloptsdia Britannica that many 
structures are needlessly costly, but whether that is so | 
depends upon the circumstances. If by making a 
structure safe* 20 per cent is added to the weight, 
seeing that labour is such a large factor of the cost of 
a mast, it may be that 10 per cent is added to the 
cost. This 10 per cent, if it enables the mast to sur¬ 
vive three squalls instead of falling down at the first, 
will be a wise insurance. For it is necessary to con¬ 
sider how much business would be lost while erecting 
a new mast after one had fallen, and also, in the case 
of strategic stations, whether great dangers might arise 
if masts were blown down. I therefore do not agree 
with the writer of the article in the Encyclopedia 
Briiannica, but am in favour of a very good margin 
of insurance when not only possible commercial losses 
but also strategic aspects have to be considered. 

Major A. S. Angwin; There is no doubt that the 
paper is very valuable as indicating the great discre¬ 
pancy between the experimental data of wiud pres¬ 
sures at high elevations and the assumptions made in 
the design of towers. I think the conclusion ^can be 
dr^wn that the data in the paper from dififerent sources 
indicate so many discrepand^ that^it is very difficult 
indeed to form any law,which would safely meet the 

VoL. 61. 


case of the variation of pressure or velocities throughout 
a structure such as an 800-ft. or 1 000-ft. mast. There 
are some other data not quoted in the paper which 
rather bear on that assumption. Reference is made 
to the classical experiments on the Forth Bridge by 
Sir Benjamin Baker, but’during a period of five years, 
1901 to 1906, covering a much longer time, further 
records were made on the Forth Bridge during gales, 
and over that period, at a height of 378 ft. above sea 
level, pressures as high as 66 lb. per sq. ft. were 
recorded. If a figure of that order were applied to 
the formula suggested by the author, it would result 
in v^ry much higher pressures than the assumptions 
which are made; they work out at something like 
86 lb. per sq. ft. at the top of an 800-ft. mast, down 
to 40 lb. per sq. ft. at the bottom of the mast. The 
figure of 85 lb. is an incredibly high value and indi¬ 
cates that it is not safe to assume a formula of that 
nature. Further data published by the Meteoro¬ 
logical Office in 1918 give values of wind velocities 
and also gust velocities at varying heights up to about 
100 m. The analysis of the form of the curve of tliose 
results appears to indicate that at steady wind veloci¬ 
ties there is a very marked increase of velocity with 
height up to about 100 ft. At greater heights the 
slope of the curve decreases very much. Neither of 
those results appears to agree at all closely with the 
suggested linear law attributed to Wing. From 
the evidence available I think that tlie conclu¬ 
sion to be drawn is that whilst for steady winds of 
moderate strength an assumption of the nature sug¬ 
gested may be made, such an assumptidh does not 
appear to be applicable for gales or for gusts. In 
coxmection with the design of structures, the designer 
is concerned with the concentrated gusts. In the 
recorded figures for the Eifiel Tower on page 409 it 
will be noticed that the ground velocities are very 
small, i.e. from 3 to 7 m.p.h. At 3 m.p.h. with a 
velocity ratio of 6 the wind at the top of the mast 
will be 16 m.p,h., whereas at 7 m.p.h. the velocity 
ratio is only 2 and the actual velocity of the wind at 
the top of the tower will be 14 m.p.h., i.e. less than 
at the lower figure of 3 m.p.h. at the bottom. It 
would seem to be a more reasonable assumption, if it 
is conclusive that the pressure is not constant through¬ 
out the whole of the length of the mast, to assume a 
steady load corresponding to a pressure of about 
30 lb. per sq. ft. for the whole of the structure, and 
% superimpose thereon a live load of the order of 20 tb 
30 lb. per sq. ft., which might be applied in lengths 
not exceeding 100 ft. That would appear to corre¬ 
spond more closely to the conditions which might 
occur during a violent storm. The question of the 
allowances to be made for wind pressure on the back 
of the mast is briefly referred to in the paper. There 
ipust now be a great deal of data available from 
experimental determinations. The only possible way 
to find the exact value of K is by experimental deter¬ 
mination in wind tests, and, ,,as suggested by the 
author, any data of that nature would be of very great 
help in treating the question of the design of masts. 

• Mr. 01i3f Trost: The shape of the curve shown in 
Fig. 2 is largely dependent on local conditions and it 

29 


414 ELWELL: THE DESIGN OF RADIO TOWERS AND MASTS: 


may for the same mast vary for different directions 
of the wind. More recent Kiffel Tower observations 
give a different curve altogether. On the other hand, 
a wind velocity of 100 m.p.h. or more has not yet 
been recorded since the tower was built, 33 years ago^ 
which perhaps accounts fore the fact that masts in 
France are made lighter than one would care to make 
them in other parts of the world. I do not agree with 
the figures which the author puts forward to show 
what economy could be obtained in material with a 
reduction in wind pressure. In mast construction 
there are so many factors to take into accoimt that 
the economic waste in assuming a fairly high wind 
pressure is not so very large. In a well-designed con¬ 
struction consideration has to be given to TniniTm iTn 
s^es of material, upkeep, erection and many other 
things. I quite a^ee that it would be of great 
importanc^^ to obtain as many statistics as possible 
from all parts of the world, especiaUy as to the proba¬ 
bility and re^larity of super-wind velocities occur- 
ringrin different places. It would also be of great 
interest to learn whether there is any relation between 
the average wind load and the maximum wind load, 
including the frequency with which the latter occurs. 
It might be possible to find some relation between 
these factors so that it would be more easy to know 
with some certainty the maximum loads to which a 
mast will be exposed, when built in a certain place. 
Finally, I should like to point out that the figures 
mentioned as being the wind pressures specified by 
the Marconi Company are now out of date and that 
the design^ are based upon wind pressures of from 
30 to 50 lb. per sq, ft. of surface exposed to the wind, 
the figure varying with the height of the masts. 

Mr. Andrew Gray: I agree with the author that, 
in general, wind pressure is more than amply provided 
for in present practice by reason of the ample factors 
of safety. The problem is, however, complicated by 
the presence of wind eddies. In some cases these 
eddies add to the loads by producing oscillations, 
while in other cases they may reduce the load; for 
example, a long span of wire may be locally heavily 
loaded but as a whole partly supported by the eddies. 

I remember in particular the effects of the hurricane 
on the island of St. Vincent, West Indies, in September 
1898. Almost every house was unroofed, including 
the libraxy—a good stone building in Kingston— 
although the walls remained standing, and the branches 
of the trees were tom off the trunks, but few of the^ 
trees were blown down. In the case of an avenue of"" 
palm trees leading to Government House the heads of 
the palms were torn off but the palm trunks, some 
30 or 40 ft. in height, remained standing. There was 
not the slightest doubt in my mind that in W? case 
the major damage was done by the eddies. In the 
case of another hurricane, that in Fiji in 1912, it was 
reported to me at the time that the roof of the wire¬ 
less station engine-house was tom off, but the mast— a. 
160-ft. sectional steel stayed mast wiih a wooden top^ 
remained standing, elfeain* indicating the presence of 
eddi^. The effect of these eddies is to produce great 
pressure at particular* instants over AmflU areas, bwt 
the maximum pressures do not. popur sittniltaneously 


over the whole of a large area or an extended structure 
sudi as a mast or aerial. On the other hand;- these 
eddies where they do occur act to a considerable extent 
like a blow and have to be considered in that way, 
and one has to be satisfied that in any mast or tower 
design a suddenly applied local blow will not cause 
stresses in excess of those allowed by the dead-load 
calculation and factor of safety. 

Professor G, L, Fortescue: The load carried by 
a mast arises from the wind pressure on both the mast 
and the aerial. If the proportion of the load due to 
the latter is large it follows that the wind pressure 
at the top of the mast is the most important factor. 
Perhaps the author will say in his reply what relative 
values he has actually found for these two contribu¬ 
tions to the total load. If a large factor of safety is 
allowed for the load arising from the aerial it may 
explain how it is that satisfactory service has been 
given by those masts in which low wind pressures 
have been assumed. 

Professor G. W. O. Howe: This is a very highly 
specialized subject, appealing only to a small number 
of wireless engineers. When reading the paper I had 
some doubt as to what was intended when it is stated, 
that the specification called for certain wind pressures 
—^whether the masts were supposed to stand satis¬ 
factorily at those specified wind pressures with a 
reasonable factor of safety, or whether they are the 
limiting wind pressures at which the tower is supposed 
to collapse. I am surprised that so little is said in 
the paper as to the factor of safety to be allowed in 
the various cases, as it seems to me to be useless to 
specify any definite wind assumption without--at the 
same time specif 3 dng the factor of safety to be allowed ; 

I should like some further information‘^on this point. 
The author mentions the Bidston experiments and 
states on page 409: ** That these figures are in¬ 
accurate is shown by the tests made on the Forth 
Bridge, where an average reduction of 40 per cent is 
necessary on tlie value of the pressure recorded on 
the small plate in order to obtain the true value 
registered on the large plate." I do not know why 
one is justified in assuming that the large plate should 
give the true value. Two plates were put up and it 
is assumed that because they differ the large plate 
gives the true value. I do not know whether there 
is any proof that a still larger plate would not have 
given an entirely different value. 

Mr. A. C. Brown: Has any account been taken of 
the effect of snow on the wires ? I know of cases 
where the temperature at the commencemeifb 
been rather high,, with wet snow;. Afterwards, when 
the temperature fell and the snow was frozen, the 
wires became of very large diameter. I think that 
that point has to be considered, as it is quite possible 
that the final diameter of the aerials when covered 
with ice will be 4 of 6 inches. ^ 

Mr. S. P. Wing {communicate): The paper brings 
under discussion a subject the importance of which 
I think is not ordinarily realized by electrical wgi- 
neers. ® An electrical engineer is ordinarily respoiisible * 
for the complete rinstallatlon of large wireless insta^- 
riqqSf He gives great care to the most efficient, tjrpe 
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of electrical equipment to be used and works carefully 
to gaid an extra efficiency of perhaps 10 per cent in 
his electrical apparatus. Yet when it comes to the 
question of the aerial structure he is often content to 
specify in a general way the wind and antenna loads 
and leave^ the mechanical design of the masts and 
antenna to the civil engineer, without realizing that 
these two items largely control the cost of this portion 
of a wireless station. Since the aerial structure with 
the antenna represent from 40 to 60 per cent of the 
cost of a complete station, it is seen that unnecessarily 
severe loadings in this regard may easily run away 
with the 10 per cent saving he has effected by effi¬ 
cient electrical design. For example, the electrical 
engineer may have used a large amount of wire in 
his antenna (thus causing heavy mechanical antenna 
loads) to gain an extra 5 per cent antenna efficiency, 
when a greater saving could perhaps be made by 
tightening the antenna and thus gaining elective 
height. Alternatively, a smaller antenna load could 
be used and a higher mast built. The author gives 
comparative figures showing the average charge of 
certain large items which make up the cost of a wire¬ 
less mast under three conditions of wind loading. 
Approximately these represent two-thirds of the entire 
cost, the other items not varying with the wind load¬ 
ing. On this basis the percentage cost of a mast 
under the three conditions which he has shown is 
127, 100 and ^2. Wireless masts have been built 
under the first two of these classes of loading. Assum¬ 
ing 8 masts 800 ft. highf this might represent an 
expenditure of £125 000, 27 per cent of which is 
£34 00^. With such sums in question and with larger 
stations yearly being erected it would seem that the 
author’s plea ^or more data on wind loading is well 
jiiStified and that interested parties could well afford 
to spend the few hundred pounds necessary to obtain 
these data. I believe that the confusion existing 
in regard to wftid specifications, examples of wliich 
are so numerous in the paper, is due to the fact that 
the wind loads are those assumed by structural engi¬ 
neers, these loads in ordinary design being of little 
economic importance. Equally in wireless masts of 
small heights such loading is of small matter. Yearly, 
however, the height of masts has increased and with 
this the importance of the wind loading, until now it 
is the major load. No bridge designer would think of 
basing his design on a haphazard covering load, and 
equally in the future no electrical engineer should 
specify the wind loading for a wireless mast without 
the niost careful consideration, for otherwise the civil 
engineer is bound in the most vital factor affecting 
the economics of his design. I realize the necessity 
for a mast in which there can be no question of failure, 
but if larger factors of safety are required than those 
used in ordinary building practice such factors should 
be obtained by increasing the safety factor rather 
than by specifying an unnecessarily large wind load. 
Take, for example a uniform specification of a loading 
of 60 lb. per sq. ft. We have na knowledge of such 
a -^nd loading occurring near the ground (sa}^^ under 
100 ft. elevation). We surmise thai»such a load may 
occur at 800 ft., though such velocities this Joading 


implies have seldom, if ever, been measured. Obvi¬ 
ously, if we wish to ensure the safety of our structure, 
it is wiser not to assume a uniform heavy wind load 
causing smaller factors of safety at the top of mast 
than at the bottom, but to use a graded load as the 
author suggests or (perjiaps better) adopt *the sug¬ 
gestion of Major Angwin and superimpose a graded 
live load on a probable wind load. To adopt such a 
specification intelligently, however, we must have the 
further data for which the author appeals. Throughout 
the paper he lays emphasis on wind-pressure assump¬ 
tions. This is natural, as he is quoting from past 
experience and records. I believe that such past 
procedure is wrong and that it is something which 
wireless engineers can correct. The majority of wind 
records are based on velocities which are measured 
direct. Where pressure is measured this is of little 
use to the wireless engineer. Such a staterqent would 
have been difficult of explanation a few years ago, 
but with the advent of the aeroplane it is increasingly* 
realized that for every different surface the factc!|‘ K 
(in the common formula for changing velocity to pres¬ 
sure, i.e. P = KV^) varies. For this reason the pressure 
as measured by a Pitot tube bears little relation to 
the pressure on, say, a long angle. From this it follows 
that in comparing two mast designs of different type 
but to a common specification of, say, 30 lb, on Ij times 
the front-face area, no true decision can be made as 
to their relative strength for, depending upon the type 
of mast and size of members, the factor K varies. 
Under a given wind velocity the effective loads on the 
mast, as computed by the specification with a constant 
factor K, may not represent the true state of affairs. 
The only satisfactory method ^ is for the specification 
to be in terms of velocity and then for designers to 
have small-scale models of the proposed structure 
tested in wind tunnels to determine the coefficient K, 
This can be done at small expense, and an accurate 
knowledge of the loads which given wind velocities 
will impose can thus be obtained. I have tried to 
show above how one of the uncertainties of wind 
loading can be eliminated. If the paper and the dis¬ 
cussion induce the authorities to make the experiments 
which the author suggests, I believe that electrical engi¬ 
neers will be in a position to issue wireless mast speci¬ 
fications which will ensure that the aerial system is 
designed as efficiently as the electrical apparatus. 

Mr. C. F. Elwell {in reply) : Dr. Eccles gives a 
very interesting explanation of meteorological con¬ 
ditions in England, and also in Hong-Kong, and points 
out the necessity for designs to meet the two different 
conditions of wind loading. But from my experience 
with high masts in heavy winds I cannot agree that 
the motion may be as much as 10 ft. at the top of an 
800-ft. mast. In the design of an 800-ft. mast I use 
a deflection of 1 per cent at the top; this represents 
aSi assumed maximum movement of 8 ft., and corie- 
spondingly smaller movements at each of the lower stay 
points. Now, due to gusts and eddies the tower does 
oscillate, not, however from 8 ft. Cn one side of the verti¬ 
cal to 8 ft. on the other side, but, for example, 1 ft. back 
ajid forth from the line of the position which it has 
taken up dr^q to the steady wind pressure, or a total 
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movement of only 2 ft. The average velocity, and 
with it the pressure which holds the mast away from 
the vertical, tends to increase and decrease rather 
slowly due to the effect of gusts, perhaps varying not 
over 10 ^er cent from the mean value. The inertia 
of the mast and its stays hasr also to be considered, in 
view of the fact that the gusts are of relatively short 
duration. That the thrusts on the pivoted bases may 
be very big is also doubtful. Pivoted masts up to 
850 ft. have been constructed. The figure for the 
horizontal component acting at the bottom is only a 
few per cent of the total vertical load, and this hori¬ 
zontal thrust is actually taken up by the horizontal 
force due to friction from the large vertical loads. It 
is usual, however, to provide horizontal stops as an 
additional precaution. 

Major Angwin adds some interesting data to those 
which I have tabulated. I have not been able to 
find the data to which he refers and I should be pleased 
*to know where they are to be found. Much of the 
pressure data published previous to 1910 is faulty, 
due to the inaccuracy of the formuke changing measured 
velocities into the desired factor pressures. It is 
possible that the pressure of 66 lb. mentioned is due 
to this, and is not a corrected figure corresponding to 
the modem formula. It must be remembered that, 
from the point of observation, the Forth Bridge is 
378 ft. above ground or sea level. I know of practically 
no records in England of wind pressures as high as 30 lb. 
close to the ground, and only three or four of 30 lb. 
at 200 ft. elevation (Pendennis Castle). Major Angwin*s 
suggestion^of a steady loading of 30 lb. with a super¬ 
imposed live load of the order of 20-30 lb. per sq. ft. 
in lengths riot exceeding 100 ft. can be plotted in 
the form of a curve, if applied to a mast of, say, 800 ft. 
in height. This curve would have a form somewhat 
similar to that proposed. But due to the rarity of 30-lb. 
winds at ground level it would seem to be unnecessary 
to add any live load here. In effect the curve of Fig. 2 
can be considered as adding 16 lb. at 400 ft., and 
30 lb. at 800 ft. elevation to a ground pressure of about 
30 lb. If more data could be recorded and the shape 
of the curve of increase of wind pressure with the height 
more accurately obtained, I think that engineering 
economics would be better served than by the many 
and varying guesses of the past. One thing to be 
said in favour of Mr. Wing's curve is that it is the only 
attempt of which I know to measure actually the 
;s^elocities at heights low enough to interest radio, 
engineers, and it is fairly well substantiated by the 
measurements of Dr. Fabris. Of course the topography 
of the neighbourhood has some bearing on the increase 
of pressure with height, especially from ground level 
to 100 ft. The question of allowances to be made for 
wind pressure on the back of the mast was only briefly 
referred to in the paper, as it is proposed to mak^ a 
further communication on this subject at a later date. 

Mr. Trost points out that consideration has to J^e 
given to minimum sizes jof material, etc., and this is 
well recognized, otheWse the figure for 13 *5/29 *6 lb. 
vind ass^ption would have been 60 for steel, instead 
* '»'he figures given are round figures, but w^nre 


obtained by working out a complete design whjch had 
already been made for a 27/59 lb. wind. However, if 
any one of the three assumptions be adopted, different 
section lengths, etc., would be employed in order to 
obtain the maximum economy. With a 60-lb. wind, 
for example, assumed on the bottom section of a mast, 
the sections would be made shorter than with a ^0-lb! 
wind, because of the large increase in stresses due to 
beam action. It is a recognized fact that the fewer the 
stays employed the heavier the steel in the mast. A 
9-stay design with a 60-lb. wind all over becomes as 
heavy as a 6-stay design with the 27/69 lb. assump¬ 
tion. 

Mr. Andrew Gray gives interesting particulars con¬ 
cerning hurricane figures. I am sceptical, however, as 
to the effect of eddies being like a blow, or, if so, it is 
my belief that they are counteracted by the inertia of 
the mast and its stays. 

In reply to Professor Fortescue, the higher the mast 
the less important becomes the load due to the wind 
on tlie aerial. In a given design for a very heavy aerial, 
the load per column at the bottom of the mast was 
6 per cent for the aerial and 94 per cent for the wind load 
and dead weight of the mast. 

The question of factors of safety, mentioned by 
Professor Howe, was not brought into the paper as 
the engineer entrusted with the design would use the 
factors of safety usually employed for the class of 
material in question. Structural steel is usually worked 
on the basis of 18 000 - 70 Ijh, where I length of 
.unsupported section, and Ic = least radius of gyration 
of the member. This represents roughly a factor of 
safety of 2. For the^stays, factors of safety of from 
3 to 4 are generally specified. The plates employed 
in the Forth Bridge experiments were intended to have 
a fixed relation to the sizes of girders used c5ji the bridge. 
The most accurate method of obtaining the effect of 
the small and large areas in a structure under the 
action of wind pressure is to construct a model and 
test it in a wind tunnel. 

Mr. Brown points out the possibility of wires becoming 
■ very large due to deposits of ice. TKts is a problem 
which has to be faced on the east coast of the United 
States, where in some stations electrical methods are 
^ employed for melting the ice. From a structural 
point of view there is not much danger in omitting 
the area offered by these large diameters, because it 
has been amply borne out in practice that high winds 
^d coated wkes do not occur simultaneously. The 
increasing wind pressure tends to break off iic ice 
and so diminishes the danger. * 

Mr. Wing refers to the economics of the subject 
and the question is summed up in the possibility that 
the expenditure of a few hundred pounds might save 
many thousands of pounds in future expenditure. 
Present wireless plans call for some 60 masts of the 
order of 820 ft. in height, and these may be erected 
m the next three years. They represent an investment 
of a considerable sum of money and warrant the ex- 
penditare of a substantial sum in! experiments on wind 
pressure, wind resistoces, stay wire with minimum 
stretch, etc. 
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Summary. 

The paper describes the considered methods of meeting 
a particular case of voltage-drop in a large direct-current 
lighting network and for bringing into use the naaximum 
amount of its copper with a minimum of cost. 

A fully automatic station ■ was chosen in th^ instance 
for the reasons stated, and the au'thor in discussing the 
subject has not attempted to review the relative merits 
of different types of automatic stations, but rather the method 
of dealing with a particular problem, aiid with this end in 
view has described the station w:hich has . come under ms 

immediate control. m i • xt, 4 . 

So far as the author is aware,^ the plant, described is that 
of the first fully, automatic station in this country, for any 
purpose, and of the first fully automatic station in existence 
operating a three-wire system: 


The gradual growth and: expansion of our cities 
owing to incres^ed* industrial activities and better 
.transport facilities have, brought large areas that w’^ere 
thinly populated suburbs into, close touch with the 
city, and caused tliem to .be' mpre densely populated. 
This lia§. meant that the original.electric supply systenis 
laid dowi^, in some cases many years ago, have gradually 
Hjxtended until «uch time as the lengtli of feeders has 
become troublesome owing to the voltage^drop. 

In the. event of the;system being originally an alter¬ 
nating-current system and remaining so, this has been 
overcome by insta.lling transformers at suitable points 
in the system to . maintain the pressure. Where, 
however, the system was originally a direct-curreiit 
one, the engineer .was faced with a much more difficult 
problem, more '*particularly in the residential areas, 
as d.c. plant had to be installed, winch'meant buildings 
to house it and staff to operate it. The latter item 
is particularly expensive, as the stations are worked 
on a more or less low load factor; also the staff salaries 
and operating costs do not increase in direct proportion 
to the capacity of the station. This fact has led to 
larger and fewer substations at long distances apart. 

The miore. extensive use of domestic apparatus has 
had the effect of raising the average load taken by 
oonsnmers from J kW to 1 kW for lighting, up to 
6 or 6 kW on the average when domestic apparatus 
such as radiators, cookers, vacuum cleaners, irons, etc., 
has been installed. Tliishas necessitated more feeding 
points along the system to .make full use of the copper 
laid down. Assuming copper at 1000 amperes per 
square inch, in sprne cases only 30 per cent is available 
owing to the volthge-drop due to the len^ of feedere, 
which voltage-drop is, after all, ‘ the liipiting factor in 
iixu 9 g the value of the distribution system. 

TTiis problem of maintaining a more constant voltage 


over the whole network, and at the same time keeping 
down operating costs and capital costs, • has been 
exercising the minds of many electric supply engineers 
in this county, and Liverpool is in much the same 
position as other authorities. Recognizing that tlie 
matter had to be dealt with, and a.ppreci.ating the 
alternatives,.i.e. to lay new feeders, or to change oyer 
sections of the distribution to a.c. suppty,. building 
up either a ,ne’w distribution system or using old d.c. 
mains for a.c. supply (tlie latter being almost prohibi¬ 
tive, due to the cost of changing consumers* apparatus, 
motors, , battery-charging sets, and many , other pieces 
of apparatus not fitted with universal motors), it was 
finally decided to try tq deal with the matter by in¬ 
stalling fully automatically operated stations at.different 
points of the system, thereby reducing operating costs 
to a minimum, and at the same time enabling the 
existing mains to be iitilized to the best advantage. 

Fulty automatic control' and remote automatic 
control of converter plant have been in use in America 
for lighting and. traction purposes, and also in S^yitzer- 
land ’for traction .purposes, for some time p^t.. 

Remote control has also been in use in this cquntiy 
on several systems with more, or less success,, biit 
British engineers appear to have fought shy of fully 
automatic control, and it has been left tq Liverpool 
to lead the "way in this direction. The Electric Supply 
Department decided that - all. conditions existing. in 
Liverpool could be met by this' control and that, apart 
from periodical, inspection of plant, operating labour 
could be eliminated. . ' 

Acting on,tlus decision a, genera! scheme w%ts evolved 
for the control of a three-wire system \rith the con¬ 
ditions that .would have to be met in Liverpool, also 
covering various points on wliich we must insist. 
Having cliosen a site adjacent to Walton Town Hall, 
midway bet\veen two of our existing manually operated 
substations, namely, Cobbs Quarry and Rice Lane, 
w'^e submitted the scheme to various manufacturers 
of automatic gear. The scheme and conditions were 
as follows:— 

(1) The station to have a capacity of 500 kW, with 

room for extension. 

(2) The station should cut in after the pressure 

on the low-tension feeder bars had fallen and 
remained low for a predetermined time. (This 
time-lag was to avoid the station cutting-in 
mth temporary falls in voltage.) 

(3) The station should cut o]jt after the current 
on the busbars had fallen and remained low at 
some fixed figure for a predetemoined time; 
the latter was to avoid the station cutting-out 
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with temporary falls in load. This was also to 
enable the existing manually-operated stations 
to pick up the load when the conditions were 
such that the voltage could be maintained at 
normal. 

(4) The station to operate plant running across 

a three-wire systen’I, 230 volts between each 
outer and tlie neutral, and to maintain a 
balance in pressure. 

(5) The station should operate in parallel witli other 

stations, and other plant in the same station 
at a later date. 

(6) If the load demanded due to existing manually 

operated stations shutting down was greater 
than its capacity it should not cut in, and, if 
already running, the output should be limited 
to the capacity of the plant. 

(7) In the event of a fault on either tlie negative 

dr positive side of the system, the automatic 
switch controlling that particular circuit should 
operate to cut it out, witliout interference witli 
any other circuit. 

(8) In tile event of a short-circuit on the outers 

of a feeder that feeder should be cut out 
without interference with any other circuit or 
the running of the plant generally. 

(9) The middle wire of the system being earthed 

through a limiting resistance at the manually 
operated stations, it was decided to deal with 
an earth fault from those stations. 

The above conditions having been agreed upon, 
arrangements were made for dealing with them satis¬ 
factorily, and also to meet any difficulties due to faults 
on the plant itself or any connections therewith. It 
was then decided to proceed with a station equipped 
as follows:— 

(1) One tap-started 500-kW rotary converter (with 
brush-lifting gear) coupled through its trans¬ 
former to the 6 000-volt, three-phase, 60-period 
supply on the one side, aiid on the other to a 
three-wire system with 460 volts across the 
outers and 230 volts to the middle wire, the 
latter being connected to a tapping on one 
leg of the transformer supplying the rotary 

, , converter. 

(2a) One high-tension cubicle of moulded stone 
equipped with an electrically operated oil 
switch with alternating-current closing coil*; 
this switch to control the rotary converter, 

(26) Two liquid fuses to control the operating 
transformer (15 kVA) which supplies the 
operating coils on most of the relays and must 
therefore be permanently connected to the line. 

(2^:) One three-phase potential transformer for various 
instruments. 

(2d) Necessary isolating switches. 

(3) I.ow-tension d.c. panel for rotarjr converter, 
equipped wi*Qi knife switches and electrically 
operated contactors in the main circuit, wdth 
ammeters on each pole, a voltmeter, and field 
regulator. 


(4) Low-tension feeder panels for control of four 
three-wire feeders, equipped with electrically 
operated contactors in the main circuit and 
knife switches in the operating circuit to 
control the main contactors in the event of a 
feeder requiring to be “laid off.'* 

(6) Other panels to have mounted thereoii nun^erous 
relays, devices and contactors, the description 
of which will be found in Appendix A, and the 
operation of which will now be described. 

In the diagram on' page 419 the connections are 
arranged schematically, the numbers corresponding to the 
description and operation of the individual apparatus. 

The automatic operation is started by means of 
a low-voltage d.c, relay (1), which operates to close its 
contacts when the voltage on the d.c. busbars drops 
to a predetermined value due to the line voltage-drop 
consequent upon a certain demand for power. When 
the contacts of relays (1) are closed they insert, through 
an interlock on the main oil circuit-breaker (20), the 
operating coil of an a.c. voltage relay (2). This relay 
has a time-lag of a few seconds and its function is to 
prevent the station starting due to a sudden drop in 
the d.c. network voltage, and also to prevent the 
station from starting when the a.c. voltage is abnormally 
low. When the contacts of relay (2) are closed they 
establish a circuit through the master relay (3a). The 
contacts of relay (3a) are then closed and complete 
a circrdt through the operating coil of relay (3) which 
completes the closing circuit of (3a) to hold it in. 

The contacts of relay (5a), when closed, also complete 
the circuit, through an interlock on the ninnjing con¬ 
tactor (11) of the operating coil of relay (31a), to cause 
its contacts to close and start the sm?jll motor of the 
brush-lifting device (31). This motor, by means- of 
gears and a crank, raises the d.c. brusEies from the 
commutator. When the brushes have been raised 
to the full extent, a throw-over switch operated by 
a crank disconnects the relay (31a) and thus de-energizes 
the motor. The brushes now remain in the raised 
position until the circuit of (31a) is again completed 
by the closing of an auxiliary contaci on (11), which 
closes when tiie contactor closes. This starts up the 
motor which actuates the crank to lower the brushes 
on to the commutator. The throw-over switch is 
returned to its original position by the crank, and is 
thus ready to repeat the above C 3 »^cle of operations 
when the converter is again required to start. 

. In series with the operating coil of relay (3a) will 
be found the contacts of an overspeed device (24) 
and also a contact (7a) in the polarized motor relay. 
This contact (7a) is closed only when the relay is in 
correct working order, and is placed in series with the 
coil of relay (3a) so as to ensure that, before the station 
can start, the operating element of .the polarity relay 
is in the neutral position. Shunted across tlie coil 
of relay (3a) will be found the contacts of. a number 
of protective devices. 

Relay (18) is an induction-t3rp4’ polyphase voltage 
and reverse-phase Jelay. This relay, by short-circuiting 
the operating cqjl of relay (3a), will prevent the stasrting 
of the converter if the phase rotation of the supply.is 
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reversed or if one phase Sf the supply is open. The 
remainip^ protective devices will be described, later. 

One rnain contact of relay (3) establishes the circuit ; 
for the main control busbar for the rest of the autor 
matic apparatus. W'hen the brush-lifting .device is 
in the raised position it closes an auxiliary contact 
which completes the circuit, through interlocks on 
relay ('l9) and the running contactor (11) of the operating 
coil of a relay (4)One main contact of relay (4) 
completes the circuit of relay (21a) which.in turn closes 
contactor (22). Contactor (22) completes the operating 


cause the rotary converter to be connected across the 
starting taps of the transformer. The converter will 
now start to rotate, and when it is in phase with the 
supply the d.c. voltage will build up with either correct 
or incorrect polarity. This is indicated by the action 
of a polarized motor relay (7), which consists of ^ small 
armature mounted so tha*? it can rotate between the 
poles of a fixed permanent magnet. The armature is 
energized from a pair of pilot brushes on the commutator, 
and thus its direction of rotation depends upon the 
polarity of the converter. Connected to the shaft 



circiut for closing the oil circuit-brewer (20). ^ 

contact on which makes , a circuit 

voltage trip (20a) and also • through 

coil of the induction time-liimt .relay. jW)- 

(21) has a short time-lag, at the e^ of 

close and short-circuit the operating^cod of rel^ (21^. 

thus causing ,the latter, to open STlieSS 

contactor (22). The opening of contactor (22) brews 
S'dSStt of L op^iLg coll of th. oil 
(20) which is now'held in the closed, posiho y 

mechanical latch. * the 

The other main contact of relay {i) . . + 

operating-coil circuit . of .startmg contactor (6). to 


of the armature through reducing gears ^ 

Le two pairs of contacts. (7b) and (7d). If the ^ 
of the converter is reversed the armature will rotate 
and dose contacts (7d), thus closing 
relav (9) which sets up its own hold-m carcmt. TOe 
of the main contacts of relay (9) caiises tte 
SSn of the field-reversing contactor (10). ^This 
Sctor breaks up the converter field into two sectr^s. 
connects them in parallel in the reverse “ 

thus causes the converter ip slip one-pole, men 
Sc converter has slipped one-half of the poto position 
Se dc voltage falls to: zero and the field-revermg 
Slly ■■(9) opens. This allows the field contactor (10) 
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to return to its original position, the converter then 
coming up with the correct polarity. 

When the polarity is correct, the d.c. voltage will 
build up again and the polarized motor relay will 
rotate to close contacts (7b). WTien these contacts 
are closed they complete the circuit of the operating 
coil of the a.c. shunt rela 5 i^ (19) which makes its own 
liold-in circuit. An auxiliary contact on relay (19) 
opens the circuit of relay (4), thus causing all starting 
gear to be de-energized. 

The main contact of relay (19) completes the circuit 
through an interlock on starting contactor (6) of the 
a.c. shunt relay (6), an auxiliary contact on which 
makes the battery circuit of the automatic voltage 
regulator. Tliis relay (5) also makes the operating- 
coil circuit of the running contactor (11) which closes 
and connects tlie converter across the full voltage of the 
transformer secondary. The closing of running con¬ 
tactor ^11) energizes, through an auxiliary contact, 
relay (31a), which in turn starts the brush-lifting 
motor (31) to cause it to lower the brushes. 

protective relay (38) is provided witli its coil in 
series witli the shunt field of the converter. This 
relay ensures tliat the field strength of the converter 
is adequate before any load can be taken.. Wlien the 
field strength has reached its normal value, a circuit is ^ 
established through a contact on relay (3) tliroilgh an 
interlock on the brush-lifting device (31), through tlie 
contacts of field relay (38) and through the operating 
coil of the auxiliarjr shunt relay (37a). Relay (37a) 
in turn closes tlie main contactor (37), wliichis in the 
d.c. converter circuit. Although tlie contacts of (37) 
are in thg d.c. circuit, its operating energy is obtained' 
from the a.c, circuit. 

Anotlier contact of relay (37a) completes the d.c. 
clos:ng-coil circuit of the main d.c. operated contactors 
(12). This circuit, when closed, connects both poles 
of the converter to the busbars through limiting re¬ 
sistances. The d.c. accelerating relays, (12a) and (12b) 
measure the amount of load picked up and, if this is 
not excessive, aUow contactor (16) to cut out the 
limiting resistances. 

Should the converter during its operation become 
greatly overloaded, these accelerating relays will work 
in the inverse order and insert the limiting resistance 
to limit tlie load. If this load should persist, grid 
thermostats (28) w'ill shut down the automatic equip¬ 
ment when the resistance grids reach approximately 
red heat. These thermostats will allow the station to 
start up again when the grids have cooled down. 

The overload setting of the d.c, accelerating relays 
IS purposely made very high to permit the full overload 
capacity of the converter to be utilised for short over¬ 
loads. If the overloads should, be of such magnitude 
as not to operate the accelerating relays, and should 
they persist long enough to endanger the windings of 
the converter, a tliermal time-element relay (29) v^ill 
shut down the converter and allow it to cool off. After 
such cootog the converter will again be put into service 
automatically. Tliis the^ynal relay measures the R.M.S, 
value of the a.c. inj>ut to the machine. This is an 
accurate measure of the heating -in the . machine. 

.A d,c. reverse-current relay (a2) is provided so tteat. 


if the. a.c. supply should become inadequate while tlie 
machine is connected to the d.c. system, the ^^onverter 
will be disconnected from the line before the reverse 
flow of energy can damage it. 

Induction overload relays (23) are provided which 
protect against short-circuits in the converter or 
converter leads. They also operate in case*''of a serious 
flash-over. 

Thermostats are provided in each of the macliine 
bearings, and, should any of these operate, a lock-out 
relay (30) is closed, thus taking the converter entirely 
out of service by short-circuiting the operating coil 
of relay (3a). This lock-out relay (30), whenever 
operated, must be reset by hand. An auxiliary contact 
is provided in the relay so that a signal circuit may 
be energized if desired. This signal circuit may operate 
semaphore or lights in front of tlie station,, or send 
signals over a telephone or telegraph circuit to give 
warning of the trouble. 

Relay (46) is an induction-type relay but of special 
construction so as to constitute an unbalanced phase- 
current relay. The relay coils are connected to the 
tliree current transformers in tlie low-tension circuits. 
During tlie starting operation tlie contacts of tliis 
relay are put in series with the operating coil of tlie 
lock-out relay (30) by an interlock on the starting 
contactor (6), and should any fault occur during tlie 
starting period the lock-out relay (30) is at once energized, 
thus closing down the entire automatic equipment. 
Normally, however, the trip contacts of relay (46) 
are connected across the operating coil of relay (3a) 
by an interlock on starling contactor (61 which closes 
when the contactor opens. Thus, should any trouble 
arise on the high-tension line wliile the converter 
is running, it will be shut down by master relay 
(3a) but will be left in condition to ^restai’t auto¬ 
matically as soon as the high-tension line is again 
in a satisfactory operating condition. 

Each of the feeders is provided witli magnet 
contactors, (40) and (41), wliich open in the event 
of an overload by tlae action of overload relays (61) 
and (62). When these overload relays open they are 
held in tlie open position by a mechWcal latch and 
cannot be closed until the respective resetting coil, 
(61) or (52), has been energized and has thus released 
the latch. Wliile in the open position the contactors 
are shunted by a measuring resistance bridge, the 
circuit to the mid-wire of the feeder being completed 
by a contact on (47) or (48) which closes when the 
relay (47) or (48) is de-energized. This occurs as soon 
as. the feeder contactor (40) or (41) opens, since the 
operating coil of tlie relays is short-circuited by an 
auxiliary contact on the contactors which closes vrhen 
the contact is open. The resistance bridge is now used 
to measure the resistance of the feeder. As the load 
on the feeder is reduced, the voltage-drop across the 
relay-shunting resistance increases until at a pre¬ 
determined value the contacts of relay (34) or (35) 
close, thus completing the circuit of the resetting 
coil (61) or. (52). When the resettifig coil has operated, 
^e cjiosing-coil circuit of the contactor (40) or (41) 
is again energized and closes tlie contactor, thus restoring 
the feeder to service. The resistance bridge is dis-‘ 
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connected from tlie neutral after a small time-interval 
by tlie deration of relay (47) or (48), which is energized 
through^the opening of tlie auxiliary contact on the 
feeder contactors. The above arrangement is such 
that an overload on eitlier of the outers will cause the 
respective feeder to be disconnected, and only recon¬ 
nected when the overload has been reduced. 

Whhn the demand for power falls to a predetermined 
value under load, d.c. relays (13) operate to close tlielr 
contacts and thus energize an underload delay relay 
(27). After an interval of time, which can be adjusted 
to be from 3 to 20 minutes, the time-delay relay closes 
its contact and short-circuits the coil of relay (3a), 
which opens and de-energizes relay (3). When relay (3) 
opens, it de-energizes all the a.c. operated contactors 
and also causes the main oil circuit-brealcer (20) to 
open. The station is now ready to start up again when 
tlie demand for power causes the d.c. voltage to drop. 

The sequence of operations described above is very 
quickly performed, the total time from the demand 
arising to the connection of the rotaiy converter to 
the line being seldom greater than 65 seconds, plus 
the time-lag on the relay. Tliis is a great advance over 
manual operation, which necessitates synchronizing by 


hand. 

The operation of the station has surpassed our ex¬ 
pectations in that its behaviour has been almost 
perfect since it ^was' first put on load, or rather, put 
itself on load. 

Naturally, numerous adjustments to the relays, 
etc., have been necessary, but this has been to enable 
them to meet our conditions working. 

At this point it might be as well to consider in detail 
the control of the outgoing d.c. feeders, and.to consider 
two possible reqiiirements, i.e. to control a dead-ended 
feeder and an interconnector fed from another source 
of supply. With this end in view the reclosing mechan¬ 
ism was designed to be applicable to both. 

The feeders are therefore protected with automatic 
rcclosing contactors having overload and inverse time- 
limit relays. Auxiliary contacts on tliese contactors 
are arranged to connect measuring resistances • across 
the feeder circusH: when the contactor opens. In the 
case of a dead-ended feeder they measure the resistance 
of the system, and if tliis is above a predetermined 
value the contactor closes again. If it is not of the 
requisite value the contactor is prevented from closmg; 
if at a later period the fault is removed, the contactors 

close and restore tlio supply. 

In the case of an interconnector fed from anotlier 
source of supply the contactors close only when the 
voltage" of tlie jnterconnector has risen to a predeter¬ 
mined value. The operating relay is adjustable over 
a wide range, and any reasonable conditions can be 
met with the apparatus as installed. 

Various artificial faults have been put on the plant 
for experimental purposes, but have all been dealt 
with almost uncannily. 

The relays are of substantial construction and we 
do not anticipate tliat they wiU give us ^y trouble 
provided that they have reasonable ^ttenbon. 

^ Tim fact that we have put a second station inTiand 
on .^milar lines to the one describe3d rather points 


to our entire satisfaction. The autlior would point 
out that in the station described, arrangements were 
made to run the plant for traction purposes when 
desired, the automatic features functioning up to and 
including the rotary-converter d.c. contactors, following 
which is a hand-operated tlirow-over switch,^ which 
may be closed on either theolighting or traction busbars, 
as desired. 

The traction feeders are controlled by hand-operated 
standard circuit-breakers and knife switches. As the 
station is on a tramway route which several times 
a year has to handle very heavy traffic, this arrangement 
is very useful, especially as the station is situated on 
the top of an incline. 

It is of interest to refer to the problem with which 
we had to deal, and the cost comparison which influenced 
our decision. 

The network between the two stations mentioned 
was laid at a pre-war cost of approximately ^£20 858, 
but as only 40 per cent was available for useful work, 
due to voltage-drop, a feed into the centre would 
enhance its value nearly three times. The followii»g 
five metliods were open to us: 

(1) To change over the whole of the distribution 
in the area in question to alternating current, by con¬ 
necting the d.c. mains across a split single-phase trans¬ 
former. This would mean that only a single-phase 
supply would be available and that all consumers 
d.c. plant, such as motors, etc., would have had to 
be replaced by a.c. plant. 

(2) To replace the whole of the d.c. mains by a.c. 
mains, creating a new a.c. system and finally scrapping 
the d.c. mains; or else to superimpose on^the area 
an a.c. supply. This would mean that there would 
be two sv.stems in the same area, that the d.c. consumer 
would be restricted to his existing load, and that the 
capacity of the d.c. mains would remain at their present 

value, i.e. only 40 per cent. 

The cost of the above methods, coupled with their 
obvious disadvantages, led to their elimination, and 
only the three foUowing schemes were considered in 
detail. 

(3) To lay new d.c. feeders from the existing stations 

to a central point of the system, the feeders 
to be of sufficient capacity to increase consider¬ 
ably the value of the system. 

Tills scheme would meet the present difficulty 
but did not aUow for further extension or of 
new distributors being laid down from the 
point where the feeders fed into the sj'stem. 

(4) To erect a new building and equip it u’itli manuaU}’^ 
. operated plant with tliree double shifts of 

operators. . 

(5) To erect a new building and equip it vutli full} 

. . automatic plant requiring tlie occasional services 

of an inspector. 


Iternatives (4) and (6) would ^ow for very wn- 
irable extension to tlie existing distnbntion system, 
new distributors could be installed as and when 


Mchever of the three sdiemes was d^ded upon, 
building, and , plant would be required, as the 
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present feeding stations were not large enough to 
allow of more plant being installed, and the existing 
plant was fully loaded. Therefore, in considering the 
comparative cost of the schemes, the cost of buildings, 
rotary converter, manually operated converter and feeder 
gear ha§j been taken as being common to all. 

Considering first the capital cost of alternatives (3), 

(4) and (5) and ignoring the items common to each, 
the following would appear to be a fair basis of com¬ 
parison :— 

(3) The cost chargeable is the value of the new cables 

required from Cobbs Quarry and Rice Lane, 
together with the cost of laying the same to 
feed into the network at the position chosen, 
namely £12 500. 

(4) Over and above the cost of laying a short length 

of feeder out of the station to connect up, the 
qost would be nil.. 

(5) The cost of the automatic gear, over and above 

the cost of the manually operated gear, £1 795, 
and connecting up feeders as in (4). 

No sum has been added in cases (4) and (5) for con¬ 
necting up the feeders, as tlie cost would be very little 
and the annual charge less. 

The cost of the high-tension cable in cases (4) and 

(5) was not taken into account, because in the particular 
case under consideration the liigh-tension cable was 
already in existence and passed the site chosen. In 
other cases this cost will, of course, have to be taken 
into account. 

As regards the operation of the three schemes:— 

(3) would require very little more attention than 

at present, as the stations were already staffed 
and inspection would be as hitherto; also 
the lighting would be only slightly in excess 
of the existing lighting. The cable losses were 
neglected; plant losses in converters, being 
common to all three schemes, were also neglected, 
so tliat the only charges on this scheme are 
the capital charges. 

(4) would require three shifts of two men per shift, 

at £1285 per annum. As tliis station would 
come within the routine of a genex'al inspection, 
the cost of inspection was ignored. The 
lighting of tlie station would cost about £20 
per annum, so that the total running charges 
would be £1 305 per annum. 

(5) would require -more sldlled inspection and a 

consequently liigher rate of pay tlian the 
manually operated station, but this would 
be more than balanced by the reduction in 
clerical work at headquarters, consequent on 
there being no weekly wages to be made ciit 
and paid to shift men., 

The station lighting would be nil, as obviously 
it would not be required. 

The maintenance in th§ case of all three alternatives 
has been considered^ as common, to each, altliough 
the maintenance on scheme (5) might be sHghtly in 
excess of that.on either scheme ,(3) or (4). 


As pointed out above, thr£*e shifts would be required 
in the manually operated station (4) although possibly 
only working 60 per cent of its time, and on this basis 
station (6) operating on load for 12 hours and being 
idle for 12 hours per day, with units at Id. for operation 
purposes, would cost £93 per annum for energy. 

Therefore in this station we should have a capital 
charge on the excess of automatic over non-automatic 
gear, and also a running or operating charge of £93 
per annum. Tliis brings us to the following actual 
charges;— 

(3) £12 600 at, say, 9 per cent ., £1 125 per annum . 

(4) I Running charges .. .. £1306 „ „ 

(6) £1 796 at, say, 9per cent = £162\ 

Running charge = £93J " '' 

It would appear from the above figures that, taking 
the difference between (3) and (5), there w^ould be a 
saving of £870 in favour of (6) and a difference 
between (4) and (6) of £1 060 per annum in favour 
of (5), which represents a considerable saving in the 
cost of units supplied from this station. 

The energy required to operate the station is as 
follows :— 

When idle. —At such times the operating transformer 
and also the d.c, low-tension feeder contactors, of which 
there are eight (the neutral switches not being auto¬ 
matic), are alive. 

Operating transformer .. .. , 275 watts 

Eight feeder contactors at 180 *5 watts 

each .. .. r. 1444 „ 

Total .. .. 1 719 watts 

<9 

When operating. —At such times the operating con¬ 
tactors, in addition to the above, are all dosed, making 
a total of 3 397 watts, and it was on the above figures 
that the operating cost of £93 was calculated. 

In practice it is found that, although the voltage 
regulator keeps the pressure steady, it does not allow 
for a rise in pressure with increase in load, i.e. there 
is no compomiding effect. This poiifc in a manually 
operated station is taken care of by the operator, so 
that a contactor type of field regulator is being intro¬ 
duced, which is operated from the main ammeter 
shunts and which will automatically raise or lower 
the pressure 1 volt for every 100 amperes increase or 
decrease in load. 

As stated above, numerous tests have been applied 
to prove the ability of the automatic gear to pperate 
under faulty conditions, and its operation has been 
not only satisfactory but much more accurate and rapid 
than manual operation, the various relays being able 
to discriminate more rapidly than the human mind. 

The author concludes writh the hope that the informa¬ 
tion given, and the causes and considerations which, 
led up to the decision of the Electricity Department 
to adopt automatic stations, may be of service and 
helpful to many engineers who may be hesitating as 
to the adoption of fully automatic stations. 

The'"thanks of the author are due to Mr. H. Dickmson, 
the City Electrical Engineer of Liverpool, for permission 
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to publish the informatJon contained in the paper, 
and to Mr. L. Breach for his valuable assistance in 
the priparation thereof. 


APPENDIX A. 

Relay. s used in the Operation of the Station. 

(1) Under-voltage relay. 

(2) Low-voltage and time relay. 

(3) . (4) and (6) A.C. shunt relays. 

{3a) A.C. shunt relay. 

(6) A.C. starting contactor. 

(7) Polarized motor relay. 

(9) Field-reversing relay. 

(10) 4 P.D.T. field contactor. 

(11) A.C. running contactor. 

(12) to (16) 1 250-ampere " C.B.” contactor (line and 

resistance shunting). 

(12a) D.C. accelerating relay. 

(13) Series underload relay. 

(17) 1 P.D.T. knife switch. 

(18) Low-voltage and reverse-phase relay. 

(19) A.C. shunt relay. 

(20) Main oil circuit breaker. 

(20a) No-voltage release. 

(21) Low-voltage and time relay. 

(21a) A.C. Shunt relay. 

(22) 126-ampere contactor. 

(23) A.C. overload relay. 

(24) Overspeed device. 

(26) Bearing thermostat? 

(27) Underload delay relay. 

(28) ' Grid thermostat. 

(20) Thernjal time-element relay. 

J30) Lock-out relay. 

(31) Bruhh-lifting device. 

(31a) A.C. shunt relay. 

(3 Id) Brushes ^down. 

(31u) Brushes up. 

(32) D.C. reverse-current relay. 

(34) and (36) Measuring rela}^. 

(37) D.C, IJne contactor. 

(37) A.C. shunt relay. 

(38) Field-current relay. 

(40) and (41) Feeder contactor. 

(46) Unbalamced phase-current relay. 

(47) and! (48) Time-lag opening relay. 

(61) and (62) Overload relay. 

(64) Automatic voltage regulator. 


APPENDIX B. 

A Short Description of the Principal Relays 
used in the Operation of the Station. 

(1) Under^oUage retoy.-This is a simple solenoid- 

the plunger is drawn up mto the coil. Ttos plunger 
is co^ertcd at one end to a pivoted arm with a c^^^t 
on Sie other end. The weight of the plunger is parhaUy 
counterbalanced hy a coU spring atteph^ to _ 

the pivoted arm. This sprinj is used for adjust- 


ing the voltage at which the relay is required to operate. 
This type of relay is very sensitive and responds to 
slight changes in voltage. 

(2) Low-voltage avd time relay .—^The main feature 
of this relay is to provide a short time-interval 
between the closing of contact (1) and the opera¬ 
tion of master relay (3a). It is of the fnduction 
t 3 q)e and operates from a single-phase circuit. An 
aluminium disc is mounted in the air-gap between 
the poles' of the laminated core. The shaft of tliis 
disc carries one of a set of contacts, and when the relay 
is de-energized these contacts are held open by a spring 
which rotates the disc until the movable contact strikes 
the top. When the relay is energized the torque over¬ 
comes the tension of the springs and the disc rotates 
until the contacts close. The movement of the disc 
is retarded by the damping effect of the disc as it moves 
between the’poles of a strong permanent magnet. The 
time setting of tlie relay is changed by altering the 
position of the adjustable stop, wliich either shortens 
or lengthens the arc through wliich the disc must^ 
rotate before the contacts are closed. This tim^ is 
adjustable from zero up to a few minutes. The con¬ 
struction of the relay also makes it a low-voltage relay, 
since, if the applied voltage is too low, the resulting torqiio 
will not be sufficient to overcome tlie pull of the spiral 
spring and the disc will not rotate. 

(7) Polarized motor -Tliis is a d.c. motor- 

driven relay, the armature of which is connected to 
the converter pilot brushes. The field is produced 
by permanent magnets. Ihe motor drives the arma¬ 
ture of a. magnetic clutch through a series of reduction 
gears. When the clutch coil is energized,^ the clutch 
solenoid housing, which is mounted loose on the shaft, 
is drawn along until it engages ^vith tlie clutch armature. 
Attached to the outside of the housing is an arm carry- 
ing the movable contacts. A spring mounted on 
the shaft keeps the clutch housing normally in such 
a position that this movable contact is held mdway 
between the stationary contacts {7b) .and (7d). Die 
clutch coil is connected in parallel with the motor 
armature so that it raigages and disengages amultane- 
ously with the starting and stopping of the motor 
Wlien the proper voltage is applied to the motor it 
will start in the direction dependent upon the polari^ 
of the armature circuit, and the clutch housing wi^ 
the movable contacts wiU turn until contact is made 
with eitlier (7b) or (7d). the top and bottom co^acts. 
Immediately after the clutch relay ^ 2 

clutch disengages and the sprmg returns clutJ 

housing to the mid-position. Contact the dut* 
coil is^made by two small fingers. Another s®t of 
fingers (7a) is bridged by a contact strip on the clutdi 

housing when this is in the mid-poation. 

(18) Reoerse-phase, open-phase and 

This relay is very similar to relay (2) except th 
i a pdW^strument. The relay is connect^ 
S the^ciSiit so that witli normal phase rotation the 
^nSJte M^held open against the tension of a spiral 

KSig^ the Wque will ilso he in the opp^te dire^ 
tion and 4te contacts will be dwed. ♦ A^, i 
ySse occurs no torque wUI be exerted. Therefore 



424 ROBINSON : MAINTENANCE OF VOLTAGE ON A D.C. DISTRIBUTION SYSTEM 


a spring wiU rotate the disc and close the contacts. 
If the voltage drops below a certain value (usually 80 
per cent) the torque will not be sufficient to overcome 
the effect of the spring when the contacts are closed. 

(21) Time and low-voltage relay, —-This is an exact 
duplicate of relaj^ (2), 

(23) A,C, overload vThese are the standard 

induction-type overload relays, and their construction 
and principle of operation are very similar to those of 
relay (2), except for a few minor details. The relay 
is single-phase and the element is wound witli a current 
coil instead of a potential coil. A number of taps 
(usually 6 or 8) are taken off the small current trans¬ 
former and brought up to the terminal plate on the 
index scale, lliis gives the different current values 
at wliich the relay will operate and close its contact. 
The relay has an inverse time-element up to a certain 
percentage of the operating load, but for greater currents 
the i^imum time required to close the contacts is 
practically constant. 

- (2f5) Bearing thermostats ,—These consist of copper 
bellows connected through a small copper tube to a 
bulb which is embedded in the lower half of the bearing, 
where it will be subject to tlie maximum bearing tempera¬ 
ture. The bulb and the bellows are partially filled wnth 
a hquid which vaporizes at a given temperature. When 
the bearing reaches tliis temperature tlie bellows elongate 
owing to the pressure of the vapour, and the contacts 
are closed, and they remain in that position until reset 
by hand. Thus, in addition to tripping tlie lock-out 
relay, the inspector will have a positive indication as. 
to wrhich beaifng was hot. The thermostats operate 
at approxim^ately 90® C. 

(2/) A,C, underload delay relay ,-—^Tiiis is a motor- 
operated relay and consists of a small induction motor 
dnving, through a spur-and^worm gear reduction, a 
ffisc which carries a moving contact. The function of 
the geanng is to provide a long, definite time-interval 
beteeen the starting of tlie motor and the clo.sinff of 
the contact. Intervals of from 3 to 30 minutes may 

to the slow-closing contacte 
(27T) there is a second set of contacts (27S) provided 
w^ch close momentarily at approximately IJ minutes 
aftw Ihe motor starts to revolve. These are tlie starting 
protective contacts wliich lock the station out if it 
fails to start -witliin a given lengtli of time 

as tSl are practically the same 

^ the bearing thermostats, the only difference being 

xvmr^7 ^ temperature. Tliey 

thermostat cools. 

nnmhl f ^O^sists of a 

a b>“etalhc springs attached to a shaft which 
c^es a movable contact. Current from the secondary 
a cuwnt transformer in the low-tension side of S 
power transformer is passed through the bimetallic 
epnngs and heats them. The spring tend to uSd 

close. Tie element is mounted in a heat-insulat«f 
c^e which is filled with oil. The relay foUows verv 
closely the heating of the machine and is very efficiemb 
m pptectmg the convcrter’from damage dS^tfoTr- 

•“ case is a low-ratio 

transformer .which giv^ the correct current in the relav° 


SO that it will operate at the most satisfactory point 
on tlie calibration curve. 

(30) Lock-out relay, —Tliis relay lias two pmrs of 
contacts and a contact bridge which can make contact 
across either the lower or upper pair of contacts. In 
the normal position this contact bridge is latcliwl so 
that tlie circuit is closed through the lower set of contacts. 
When the operating coil is energized the latch is released 
and a spring moves tlie bridge until it connects the 
upper pair of contacts and interrupts the circuit through 
the bottom pair. Once the relay has operated it 
must be reset by hand. A small target indicates 
wlute when tlie relay has operated. 

(31) Brush-lifting device, — ^lliis consists of a motor con¬ 
nected through reduction gear to a brush-lifting ring on 
the converter. A, jack-shaft carries four cams wliich 
operate four contactor switches. Two of these are limit 
switches which stop the motor when the brushes are in 
the correct position, either up or down, and the other two 
are interlock contacts, one of which prevents the converter 
from starting until the brushes are up and the other 
prevents tlie line switch from closing until the bru.shc.s 
are down. The motor is of the clutch t 5 ^pe and does not 
pick up load until it is almost up to full speed. It is a 
single-phase motor and the split phase is used in starting. 

(32) D,C, reverse-current relay,—This relay operates 
nioving-coil principle, and is very similar to a 

milhvoltmeter, except that all the parts arc heavier 
and more robust. The relay is so connected that it 
will close its contacts only when current flows in the 
reverse direction. 

(34) and (35) Measuring felays. —^These, in connection 
witli a suitable bridging resistance, automatically 
measure a short-circuit on the feeder when the breaker 
trips and detennine when the conditions^are such that 
the current will not be above a predetermined value 
when the breakers reclose. The relays are vCry sensitive 
to clianges in current and are capable of very accurate 
adjustment. 

(46) Phase-balance current relay, —is used to 
protect the converter against running single-phase. 
Relay (18) will only prevent the machine from starting 
single-phase, and in tlie case ox phase failure 
wluie the converter is running it ivould’ continue to 
run on single-phase and act as a phase converter and 
supply three-phase potential wliich would hold the 
contacts of relay (18) open. However, with relay (46) 
in tlie circuit it vnU operate when the phase failure 
occum and shut the station down. Then, if tlie trouble 
IS on the high-tension side, relay (18) will close its contacts 
and prevent the station from starting until the three 
phases normal. If tlie trouble should be on the 
Im^tension side, relay (18) will not operate, and the 
stahon can start up again. As soon as it attempts to 
start, relay (46) operates again. During starting the 
contacts of relay (46) are connected in tlie lock-out relay 
ttremt, so that the station would then be locked ou^ 
Tins IS a special polyphase induction-type relay anef. 

IS operated from the secondaries of tl^e current tons- 
former in the low-tension circuit. M an unbalanced 
load, sudi as a phase failure, occurs, the toraues oro 
duced at ihe different elements will not be the Lne and 
the relay contacts *^ill close. 
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Discussion before The Institution, 1 February, 1923. 


Mr. B, Welboum : The subject of the paper interests, 

I think, three sections of the industry, first, operating 
engineers, many of whom are now troubled with over¬ 
loaded low-pressure networks ; secondly, cable makers ; 
and thirdly, plant manufacturers. I dismiss the cable 
makers very briefly because they have nothing whatever 
to lose in the average case, which will require high- 
pressure feeders. The author’s case is a special one 
where high-pressure feeders existed. Other examples 
are to be put down and they must involve the use of 
more cable. I have watched the starting up of the 
Liverpool substation and on two occasions the rotary 
converter started up with the wrong polarity. The 
switches described by the author changed over very 
rapidly so as to correct the polarity. Last year I 
examined a fully automatic traction substation near 
Chicago, In that case the plant was made by the 
General Electric Company of Schenectady, and was 
supposed to be the last word in automatic plant. It 
behaved in the same perfect way as the plant at Liver¬ 
pool, which is made by the Metropolitan-Vickers and 
Westinghouse Companies, but both appeared to contain 
some unnecessary apparatus. I can quite understand that 
manufacturers and operating engineers will all play for 
safety while they are launching an entirely new scheme, 
but I would ask them to combine to collect operating 
data so that they can determine after, say, five years’ ex¬ 
perience how much of this auxiliary apparatus can be 
eliminated, because this is very unlikely to be the last 
word in automatic substations. Statistics will inevitably 
show that certain risks can be accepted as good commer¬ 
cial risks. Eg^r instance, one would think that at this 
stage of the art it is hardly necessary to put thermostats 
on every bearing, I think that the author makes out 
a good case, from the commercial point of view, for the 
decision reachejJ at Liverpool. The whole trend of 
practice at the present time is, in view of heavy labour 
costs, towards automatic devices. We now have 
automatic telephones, automatic lifts and so on, and I 
think that no^ one need be in any way afraid of the 
adoption of this principle, because past experience shows 
that the adoption of labour-saving devices brings more 
business and thus more work for labour. Up to the 
present all this fully automatic substation plant is of 
American origin, although not the whole of it has been 
manufactured in America. In that connection it would 
be of interest to know where our own manufacturers 
stand.; for instance, whether they are ready for the 
considerable market which is sure to come. Luring the 
past few days an important order has been placed in one 
of our northern cities for automatic substations, and it is 
an open secret that the plant is being made in this 
country for a number of fully automatic traction sub¬ 
stations. As Chairman of the Committee which is 
organizing the Liverpool portion of the Institution’s 
Summer Meeting this year, I may say that this 
automatic substation will be thrown open for in¬ 
spection, and I feel sure that it >ill prove tq be the 
pi^ce de risisiance In that city, ^ . 

Mr. G. H. Morris : I also have seen the substation 


described by the author, and I agree with Mr. Welboum 
that a reduction in the amount of auxiliary apparatus 
would be a very great advantage. During my visit 
the station was started’’ up many times, the average 
time taken being about 44 seconds. When the rotary 
converter built up with the wrong polarity it took about 
5 seconds longer, but generally speaking there was no 
fault to find in the sequence of operation. The paper 
states that the cost of attendants in a manually 
operated station would be about £1 200 per annum, but 
this figure is, I think, rather high. I notice that two 
attendants are allowed for on each shift, but I do not 
agree that is really necessary in a 500 kW station, and 
as this station is used on the peak load only I think 
that three shifts w’-ould be unnecessary. 

Dr. E. W. Marchant: I, also, have seen ttie Liverpool 
substation in operation. Tlie controls may appear 
complicated on paper, but the apparatus is very sound 
and strong and the station bears the stamp of “^ood 
design, both electrically and mechanically. With 
regard to the increase in utilization of the mains which 
is brought about by increasing the number of feeding 
points, if one has a main of uniform section laid between 
two substations, and one assumes that there is a certain 
uniform demand for current along the whole length 
of the main, the maximum value of the permissible 
current demand is limited by the. pressure-drop which 
is allowed. This, of course, in the case considered 
will be a maximum at the mid-point between the 
two substations. If now a substation i» introduced 
at the mid-point between the original substations, 
the current demand that can be dealt with per yard of 
main, for the same maximum pressure-drop, \vill be 
four times as great. This may be explained, as the 
author has stated, by the fact that (1), owing to the 
distance from the substation to the point of maximum 
pressure-drop being halved, it is permissible to take 
twice as much current from the substation, and that 
(2), owing to the introduction of the substation, the 
number of feeding points to the main will be doubled. 
Up to the present, the only factor that has had to be 
taken into account in determining the maximum load 
permissible on the distributing s^^Btem has been the pres¬ 
sure-drop, and the automatic substation described has 
been devised with a view to maintaining the pressure on 
the mains. When the feeding stations are sufficiently 
' numerous, however, the extent to which the mains ^11 
be utilized will depend on their permissible heating. 
If a very large number of feeding points is introduced 
it is easy to see that the current density in the mains 
may be very greatly increased. In this connection it is 
interesting to note that there is a great advantage, from 
the point of view of heating, in laying a number 6f smaller 
gTains in place of a few large ones. In the tests that we 
made in this laboratory with mains as laid by the 
Liverpool Corporation, we found that with a i^ain of 
0*1 sq. in. section the permissive current density for a 
temperature-rise of 20 degrees' C. wg^ 2 200 amperes 
per sq. in., whereas for a 0*6 sq. in. main and the same 
temperature-rise the permissible current density was 
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only 1 000 amperes per sq. in. It would seem, therefore, 
that when heating is the predominant factor deter¬ 
mining the limit of load that can be put on the system, 
it is desirable to use a number of mains of comparatively 
small section, in place of a few very heavy conductors. 
On economic grounds the case for the automatic 
substation has been very clearl^r made out in the paper, 
and there seems little doubt that, as time goes on, an 
increasing number of them will be employed on 
distributing networks. 

Mr. L. H. L, Badham: In the installation described 
in the paper I notice that the machine is tap-started 
and fitted with a brush-raising device. This, however, 
introduces a large number of special devices. A method 
which appears to be less complicated is that employed 
in the 1 500-volt automatic rotary-converter sub¬ 
stations in use on the Victorian Railways. The machines 
are started with the standard Rosenberg method of 
self-synchrdnizing. Each machine has also a small 
belt-driven d.c. generator mounted on the same base¬ 
plate, and this excites an auxiliary shunt winding on 
the Notary converter during the period of starting, thus 
ensuring correct polarity This small generator, how¬ 
ever, is essentially to provide the necessary source of 
d.c. supply for the operation of the high-speed d.c. circuit 
breakers with which these machines are protected. 

Mr. W, M. Selvey; We are enjoying, as a heritage 
of the past, a system of distributing electricity in a form 
which lent itself in the early days to tlie simplest and 
most rapid progress. To-day we have progressed so 
rapidly that difficulties have arisen, due to the rapidity 
of the progress. If we turn in another direction to 
consider the^uestion of traction, the cost of a substation 


operator has become a very serious item in comparing 
the relative merits of a.c. traction and d.c. traction. 
There is no system of mechanism whidh cannot be 
improved ; in fact, the machine has almost begun to 
eat the man. The protagonists of the d.c. traction 
system have produced first of all in America a machine 
which, as the author says, acts almost more rapidly 
and more precisely than the human brain. Therefore 
it is quite natural that when there are certain great 
immediate advantages to be gained one should adopt 
a complicated system of mechanism. The idea is not 
new; many years ago the problem was suggested to 
Edison, and after considering it very thoroughly he 
arrived at the conclusion that it was cheaper to emplov 
substation assistants at 25s. a week. Let us consider a 
httle more closely what the author is putting forward, 
lie says, in effect: " I have a system here on which I 
have spent £20 000, and I am faced with the necessity 
of doing something more or less immediately. Therefore 
I can cast a balance sheet, to see which of three methods 
to adopt. In casting his balance sheet he takes, as the 
sole cnterion, the utilization factor, which is, at present 
only 40 per cent with the cables, but which he wislies 
to rmse to afigure not stated. One of his main argument 
for tafeng this as the basis is given in the first column on 
page 417, where he says : The more extensive use of 
domestic apparatus has had the effect of raising the 
average load taken by consumers from 4 kW to I kW 
for hghting, up to 6 or 6kW on the average when 
domestic apparatus such as radiators, cookers, vacuuili 


cleaners, irons, etc., has been Installed.** I think that 
is the basis of the paper, and if that is so, by means of his 
automatic substation the author proposes to perpetuate 
a system of low-tension distribution. If he has already 
spent £20 000 on something which has produced ^ kW 
to 1 kW per head, what is he going to spend on cables 
if he gets tliis increased demand ? Is he considering 
what he shall do to utilize the £20 000 worth of cables 
which he already has and get, let us say, 80 per cent 
utilization, which would make them worth, from ]ii.s 
point of view, £40 000, or is he indirectly goin g to 
perpetuate a S37Stem which commits him to an expendi¬ 
ture of another £100 000 for cables, without first seeing 
what would happen if he had taken steps to superimpose 
an a.c, S 3 ^stem ? I do not suggest that he has arrived 
at the wrong solution, but I do suggest that perhaps 
he has not followed up fully the argument arising 
from his premises. It is a very serious thing, to my 
mind, if we are in any case committed to the perpetua¬ 
tion of a system of low-tension. distribution. 1 am 
strongly seized witli what appears to be the uneconomic 
expenditure on changing over, but I am still more 
strongly impressed by the difficulties that will arise if we 
continue to take a new load of heating and cooking on 
to the old distribution S 3 'stem. I am afraid we arc 
getting very much into an impasse, and 1 suggest that 
any system of automatic suKstations must be properl 3 '’ 
confined to traction work where the syStem is direct 
current, and to those districts which, seem to be fairly 
well saturated, and in which there is noT likely to be a 
five-fold increase of load. 

Mr. G. A. Gheetham : Tiie author is the first engin eer 
in the country to have the courage of liis convictions 
and to introduce plant into this country which ha^ been 
used to some extent in America. A brief^resum^ of tlie 
history of the introduction of automatic apparatus in^o 
America would perhaps be not out of placb. In 1U14 
tlie General Electric Company devised a scheme t>f 
automatically operating a substation, and they were the 
pioneers in that respect. They carried on for a few 
years along the lines they had originally designed, and 
introduced various improvements. Later the American 
Westirtghouse Company' also commencTed to supply^ 
automatically-operated control gear for substations, 
but they carried out this scheme of automatic control 
in a slightly different manner. There are, of course, 
numerous ways of controlling substations; electro¬ 
pneumatic devices or cam-operated switches can be used. 
The American manufacturers tliorouglily tested their 
scheme of automatic gear before putting it on the market, 
and that is a warning note that British manufaci^:urera 
should bear in mind. After all, automatic operation 
is only a logical extension of the protective and control 
gear which we have had in this country for a very con¬ 
siderable time, and at last (because tliis gear has to be 
in operation daily) it is about to receive some attention 
in tlie way of inspection.* The engineer hopes that 
protective gear will operate only on very rare occasion^, 
and in consequence it is forgotten. • For that reason 
many engineers have not a good w6rd to say for it. 
It is essential that an automatic substation should be 
thoroughly inspected and that care should be takemof 
the gear if satisfactory operation is expected from it. 
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A device illustrating tlnS simplicity of the gear, wliich 
in thi? particular instance is only used for the protection 
of a’ traction feeder, actually discriminates between a 
short-circuit and an overload. That at once suggests 
complexity, but it is really very simple. An ordinary 
transformer is put on to the d.c, main, and the rate 
of change of current instead of the actual value of the 
current is measured. A vety simple device enabling 
the feeder to be disconnected immediately a short-circuit 
occurs, allows the feeder to remain on load to its full 
capacity in the case of an ordinary overload. With regard 
to- the results of the operation of automatic substations 
in America, I propose to read a very brief extract from 
a report read before the American Electric Railway 
Engineering Association at the end of 1921. It is as 
follows : “ From the operating records available it would 
appear that automatic operation is more reliable than 
manual operation. With any property, no matter how 
well trained the operators may be, there are certain errors 
of human judgment that must necessarily enter into 
the operation. In the large centres of population, 
where the tendency for high labour turnover is more 
pronounced, there will always be a larger percentage of 
new operators on the system than in some of the less 
active, smaller cities. This higher percentage of 
inexperienced operators will result in more operating 
mishaps, which are avoided by the use of automatic 
control. Whfere interruptions of the a.c. power supply 
are at all prevalent, the automatic control stands out con¬ 
spicuously because of the speed with which service is re¬ 
stored.Altogether there are now 400 automatic stations 
operating in America. Wifli respect to the change-over 
from direct current to alternating current, one point that 
is often lost sight of is the usefulness of a d.c, load in 
enabling a supply authority to keep up its power factor. 

Jf direct current is to be retained and utilized to its full 
advantage? and if copper also is to be utilized to its full 
advantage, the natural tendency is to distribute a^ large 
number of substations over a network at frequent inter¬ 
vals. In the past this has been impossible because of 
the operating charges, but we can - get back to this idea 
when manual operating costs are reduced, and this is 
one of the cliTbf advantages of the automatic substation. 
The automatic substation shows to its best advantage 
in the cost of control of a certain output distributed over 
a minimum number of machines. That will be apparent, 
as a full set of automatic gear is required for each plant 
unit. In a railway substation the elimination of-the 
no-load running costs is important, especially on a 
railway where there are few trains running infrequently, -» 
as tbe station can be shut down between the times of 
running the trains. It should be noted, in addition, 
that the load efficiency of the. station increases, because 
the station is not called upon to operate until there is 
some definite load for it. Automatic control is extending 
rapidly to the control of power stations, especially 
hydro-electric schemes, and in America many waterways 
'are being harnessed which were previously considered 
impracticable because of operating costs. There is 
certainly a very •large field of application abroad, and, 
to some extent, in this country, ^or automatic hydrb- 
e!bectric stations. 

. Mr. F. G. C. Baldwin: There Ire many points in 


the system described which are of interest to telephone 
engineers. Judging from what previous speakers have 
said there appears to be a certain impression that 
switchgear of the kind described may not be so reliable 
as manually operated apparatus. A problem that 
now presents itself to the engineer concerned with the 
distribution of electrical^nergy appears to be somewhat 
akin to one which the telephone engineer has had to 
tackle in the past 10 years, i.e. as to whether automatic 
apparatus will function properly, and whether the cost 
compares favourably with that of manual equipment. 
So far as the functioning of the apparatus is concerned, 

I have no doubt at all that, whatever difficulties do 
arise in regard to design and operation, those difficulties 
will be surmounted. Such has actually been the case 
with automatic telephone devices. Experience in tele¬ 
phone worldng is such that we can now rely upon auto¬ 
matic switches of all sorts to , operate with unfailing 
precision and regularity. In Appendix A “'the author 
given details of a number of relays used in the 
operation of the station. In telephone exchanges ^ 
very much larger number of such relays are use(5 and 
they give practically no trouble in their operation. 
We also have thermostats, and macliines wliich are 
started up each time a subscriber makes a call, and 
thev perform their ■ several functions admirably. 1 he 
number of relays or similar devices associated with the 
system described in the paper is 64, while the number 
brought into operation during the course of one call 
in at least one automatic telephone system is largely 
in excess of that number. 

Mr. T. W. Ross : I have been associated with the 
automatic substation question for the pas4 three years, 
and I can assure those who suggest that the amount’ of 
apparatus should be reduced, that the scheme put forward 
by the author is the result of evolution which has taken 
place in America, and the amount of apparatus has 
been reduced as much as possible without impairing 
the reliability of the gear. The function of certain 
relays shown in the paper may not be quite clear to 
members. Certain relays in the scheme are reall}^ inter¬ 
mediate steps, and wre find in practice that, especially 
in the more sensitive relays necessary for detemuning 
the sequence of operation, it is essen’tial to reduce the 
current carried by the contacts to a minimum, and we 
have found that far more reliability is obtained by 
putting in an intermediate step. Although a thermo¬ 
stat may appear to some to be unnecessary, I can assure 
them that the thermostats used in this particular station 
and by other makers of this gear are a real engineeryg 
proposition. There is very little possibility of trouble 
arising when they are used, I agree that it is possible to 
install too much protective gear, but I believe that certain 
protective devices which are put into these substations 
are in themselves a very good insurance, and.are worth 
tlie little extra cost involved. As regards feUability, 
Ji believe that with proper care the majority of relays 
are very efficient and cause very little trouble. I 
.believe it is a fact that in America the question of 
starting has developed mainly along the lines of tap- 
s’tarted rotary converters, and f do nqt tlunk there has 
been any serious trouble. To my mind, it is a pity to 
'Spend money in pu’tting on the end of a rotary con- 
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verier a pony motor which is only used to start up on 
occasions. The bogey of tap starting in the past has 
been the amount of power taken from the mains. 
Many electrical engineers do not object to putting a 
500 h.p. induction motor on the mains, but they appear 
to think tj^at a tap-started rotary converter will shut 
tlie station down every time it starts up. The rotary 
converter with the present damping arrangement takes 
very little current in starting. I believe I am correct 
in stating that a tap-started rotary converter does not 
average more than 60 per cent of the rated kVA load, and 
with the present large systems the kick is not felt on the 
mains at all. With motor-started rotary converters 
there is no need to raise the brushes, but brush-raising 
is quite a simple and sound mechanical job and has, 
to my mind, certain advantages. The brushes are 
raised by means of a small rod operating on a projection 
of each brush, which ensures that the dirt which collects 
there is loosened every time the operation is performed, 
and that is a decided advantage. I think that those 
who have had experience with tap-started rotary con¬ 
verters will bear me out that there is no difficulty in 
regard to the bedding of the brushes. The question of 
the fixing of polarity has been raised, but I should like 
to ask w'hat is the good of installing an auxiliary exciter 
to hx the polarity of the converter when this can be 
one in 5 seconds by means of a simple, small, mechani¬ 
cally sound relay. The method of pole-slip described 
by the author is absolutely sure. Are these auxiHary 
adopting ? This question of 
evS ^ s“bstahon control seems to me to have 

the Imes of automatic telephone exchange 
^ automatic telephone company have 

btated that with 196 000 calls there were only seven 
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The author is of opinion tliat ‘'bearing thermostats are 
essential. The estimated cost of operating the station 
manually has been criticized. This is high at* the 
moment, but as two men are always employed per shift 
in Liverpool, the cost is determined by the trade-union 
rates governing a station of a specific capacity. With 
the present hours of running, two sliifts could do the 
work, but having regard to future requiremeut.s three 
shifts should be allowed. Only 600 kW is installed at 
the moment, but the station is laid out for cxtonsion. 
The relative advantages of tap-started and self-syn- 
clironizing rotary converters are outside the scope of the 
paper. 

Dr. Marchant referred to the heating of mains and 
I suggMted a number of small ones run at a higher 
density. I am atoid that the voltage-drop along 
these mains would proliibit their use. 

Mr. Baldwin stated that more automatic devices 
are used in an automatic telephone call than in starting 
up an automatic station; as snch devices are necessarily 
more delicate and used more frequently in the former, 
it argues well for the safety and satisfactorv opwation 
of the station. 

Mr. Selvey mentioned the perpetuation of a system 
of low-tension distribution. It is not quite clear what 
IS meant by this, because whether a.c. or d.c. the dis- 
tabution system must still be low-tension, and when 
I IS suggested that the average load ifnder certain 
I conations has gone up from ^ kW or 1 kW to 6 kW or 
6 kW the diversity factor of the loads must be taken 
into account; tlie former which was purely lighting 
had a low diversity factor, whereas the latter which is 
domestic ^wer has a high diversity factor, so that it 
oes not at all follow that the load on the .systeni will 
mcrease 5 or 6 times. The actual utilisation factor 
w^ increased from 40 per cent to 118 per cent, s.^ 

apparentljr increased 
lifr to £69 000. Taking a figure, given by 

^ " Pomestic Load 

Buildmg, of 66 kW instaUed and 19 kW actual loading, 
it IS easy to deduce the increase in connected load 
g^ble ^th the above increase in the uiHLti.m 
ohc» ^ 1 * *bat about 6-6 times’the present 

Imd down at a wst of £20 000 would be fully loaded^ 

eriSny been added to the 

eynianA network without further appreciable 
expenihture on ^ns. If at a later date we are forced 
mto retoving this district by other methods, the expense 
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be exMssive. Do contactors (40) and ( 41 ) constit.iti» 
^ additional protection of the convert^, or are they 
^ overload protection of the mains as well as a safT 
S toe out-of-balance current on 

cie th^? 2ti?n T^’"® ? la the latter 

this « in v ^ ®appose. instantaneous. In 

^ ^ schemes for automatic substations 
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possesses^ from the staJting point of view, nearly < all 
the disadvantages a machine for automatic substations 
could have. First, there is the heavy starting current 
which such machines demand, corresponding to about 
50 per cent of the normal kVA of the rotary converter, 
with just enough torque to start the machine. Secondly, 
thqre is “Hie fear of such tap-started converters coming 
in with the wrong polarity. Thirdly, owing to the 
fact that the converter has to start in its own armature 
field, there is a rotating potential curve with regard 
to the brushes, resulting in considerable sparking; 
hence the need of the brush-lifting device. From my 
experience I should consider such a device to be un¬ 
desirable and a weak link in the chain. This view is 
borne out by some records published by Mr. C. H. 
Jones, Chief Engineer of the Chicago--Milwaukee Railway, 
who states that about 20 to 26 per cent of all the failures 
to operate of the automatic substations on his system 
have been due to the brush-lifting devices. 1 should 
have thought that rotary converters started on similar 
lines used fcr automatic s 3 mchronizmg, or cascade con¬ 
verters, would have been distinctly preferable, because 
they not only avoid all the troubles mentioned but 
materially reduce the number of control relays and 
apparatus, simplify the plant and so ensure an easier 
control of tlie substation and the d.c. voltage on the 
distributing mains. As a matter of fact, the cascade 
converter offers a d.c. machine which can be designed 
for a frequenc^!;^ lower than that of the supply, and hence 
advantages of operation and commutation accrue, 
which machines not constantly under supervision should 
essentially possess. In the General Electric Review, 1918, | 
Mr. I^avies deals with five automatic substations, con- j 
sidering two cases for electric traction work. In the 
first case the<»trains are running with a 2-hour interval, 
ifi the second with a 1-hour interval. The output of 
the rotary converters in each substation is 300 kW, 
the daily service is 18 hours and the daily consumption 

1 530 kWh in esich case on the d.c. side, corresponding 
to an intake of 1 860 kW on the three-phase side. The 
total service of all five substations is 90 hours; the 
standstill period with the 2-hour service is 60 hours, 
and with the* 1-hour train service 38 hours. The no- 
load consumption of a non-automatic station is given 
as 16 kW in each case. Therefore, the saving for the 
automatic station in the first case is 900 kWh, and in 
the second 670 kWh, corresponding to an annual saving 
of 328 000 kWh and 208 000 kWh respectively. The 
daily consumption of a non-automatic station is 

2 760 kWh for the 2-hour service and 4 290 kWh for the 
l-ho’ur service; this gives a saving of 32*6 per cent 
and l3 per cent, respectively. These figures point 
to the conclusion that the instalment of automatic 
substations for power and lighting service, where the 
rotary converters are required for a considerable length 
of time and where the period of idle running of the 
machines is relatively small, would be a mistake. I do 
not incline to that view. The problem is rather otie 
of economy of feeders and distributors. The installa¬ 
tion of many ro&ry-converter substations of relatively 
small capacity must produce such an economy and 
therefore materially relieve the tol^ operation cost of 
the whole system. The full ^tent of such benefit 


can be experienced only by the use of automatic 
substations, which eliminate the heavy charges due to 
personnel. In addition, any reduction of running 
charges due to avoidance of idle working of the rotary 

converters is all to the good. . 

Mr. J. W. J. Townley : The author has explained 

that this automatic subsi?ation has been put in to devel(^ 
to the fullest possible extent an existing d.c. networ . 
He has considered several alternatives to the existing 
d.c. system and, to judge from the map which he sliced 
on the lantern slide, he appears to have adopted ttie 
best solution of his particular problem, as the conditions 
are ideal for an automatic substation. He has on either 
side a manually operated substation, and presumably 
this automatic converter plant is intended for use on 
peak loads only. I am inclined to think, howev^, 
that the automatic substation will not be developed 
to any very great extent in this country except for 
traction work, because if one takes a long view it will 
usually be found that it is much better to face at once 
the expense of changing the area to a.c. supply, or. 
as is being done in several large undertakings, to ^per- 
impose an a.c. network on the d.c. system and gradua y 
supersede the d.c. supply. Bearing in mind that the 
cost of an automatic substation is fully six times tha 
of a static substation of the same output, it will be 
apparent that a considerable sum is available for the 
cost of changing-over the system. The automatic 
substation for general supply networks can only be 
looked upon as a temporary expedient to prolong the 
life of existing d.c. networks and for installation in 
relatively small units, I can hardly imagine the circum¬ 
stances that will justify an automatic substa:tion 
cbntaining, say, six 1 000 kW rotary converters. For 
a substation of this size the cost of attendance is not 
1 . great proportion of the total running cost, and I am 
inclined to think that the manually operated substation 
ivill be retained for such sizes. There are certain cases 
wrhere a partially automatic substation would be desir¬ 
able, and I have such a substation in mind upon the 
undertaking with which I am connected. It is a iTaction 
mbstatioii containing a single unit, and but for the 
operation of the line circuit breakers there would be 
no need for an attendant during the time the plant is 
running. The rotary converter is started up at the 
same time each morning and shutdown at practically the 
same time each evening. This could be done manually, 
and with thermostats fitted to the bearings and automatic 
reclosihg circuit breakers such a substation could be 
run without any other attendance than that required 
for starting up and shutting down. The capital cost 
of a semi-automatic substation should be consider^b y 
lower than that of the fully automatic plant described, 
and the existing converters could be used. X 
doubt that some of the apparatus shown will in the 
be dispensed with, one of the first items being probably 
ithe brush-lifting device. I have 
some tap^starting rotary converters of 600 and 1 000 k\\ . 
•These machines were started up direct from the a.c. 
side without the d.c. brushes being lifted. There was no 
excessive sparking at the commutator and the running 
up was entirely satisfactory. The actual time taken 
In the case of the 600 kW set from closing the switch 
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to the rotar>' converter being in synchronism w$.s 
30 seconds, and the'current taken was 35 per cent of 
full-load current. The elimination of brush-raising and 
brush-lowering devices will be one step towards simplifi¬ 
cation. From the published accounts of experience 
with automatic substations in the United States, con¬ 
firmed by the author’s account of his plant, it would 
appear that the fully automatic substation is a satisfac¬ 
tory^ proposal where the conditions, are favourable, 
but the field for the automatic rotary-converter sub¬ 
station lies, I think, in traction work and not in feeding 
general supply networks, which should, wherever possible, 
be converted to a.c. supply. There are also many 
opportunities for . the use of automatic gear in static 
substations, where automatic operation has not, I think, 
been developed to anything like the extent to which 
it will be in the future, or to the extent to which it is 
used on the Continent both for the switching-in and 
switching-out of transformers and for voltage regulation. 

Mr. R. M. Longman : In the case cited by the author 
the automatic substation provided a good solution of 
the pi-oblem, the deciding factor being that the copper 
is already in the ground and is being used to only 
40 per cent of its capacity. V^Oiere the copper is already 
loaded and where the load will increase, the conditions 
are entirely different; in this case the best solution 
would be to superimpose an a.c. distribution system. 
In large towns a site can generally be chosen near which 
are shops, offices and factories using a considerable 
amount of power. By adopting an a.c. system the net¬ 
work feeding the town is much relieved and will probably 
enable the remainder of the d.c. distribution to carry 
on for some /considerable time. The author has calcu¬ 
late the cost of operation on the basis of three shifts 
of e^o men per shift. I have worked a substation 
entainmg more than 500 kW of more complicated plant 
toan this but with only one man per shift. I thinV 
substation were manuaUy operated only 
one shift of one man would be necessary during the 
load period, as there is a manually operated substation 
on each side of it. Possibly a second shift would be 
required for four or six months during the year.* What 

Jr* ' Th» M». of op».tiS; 

frtr’ 1 seconds, is quite satisfactory, particularly 
for tap-st^g. although Mr. Toivnley has referred 
? a rotary converter was put on the 
onlh^E H T^?’ transformers inserted 

tive ffAar * transformer to operate protec- 

or d4s thrm^/«V^“® transformer, 

bv a^ro^ in th??® contmue on load until shut down 

.y p tne gear and the plant shuttmg down, 


is there anything to indicate ^to the. inspector on his 
arrival which particular item has caused the shut-down ? 
It is nf particular importance that the cause of failure 
should be discovered quickly, so as. to enable the trouble 
to be rectified, if possible, and the machine put on load 
again. In the case of a fault occurring on some part 
of the machine, and the particular piece of apparatus 
which should have operated failing to do so, is there a 
second relay which may then operate and so shut the 
machine down ? In other words, is there a duplicate 
line of defence ? I agree with Mr. Townley that we have 
not ^ven enough consideration to automatic regulation 
on either d.c. or a.c. systems. 

J* Robinson (in reply) : The author does not 
agree with Mr. Townley that automatic stations will 
only be developed for traction work in tliis country, 
as there are many instances similar to the one referred 
to in the paper, which Mr. Townley refers to as ideal. 
The statement that an automatic station will cost six 
times as much as a static station is not correct; the 
author would put it at a much lower rate than tliis; 
possibly twice. There appears to be no reason why 
the life of the d.c. network should not be prolonged 
(see my reply to Mr. Selvey in the London discussion). 
The question of tap-started rotary converters is dealt 
I with elsewhere. No doubt, automatic gear will be 
introduced into static stations feeding into the low- 
tension system with a view to cutting down light-load 
losses in transformers. 

Mr. Longman has asked if current transformers are 
inserted on the high-tension side of the transformer, 
^ey are shown in the figure on page 419 between 
incoming isolating switches and the oil switch. 
They operate the protective gear as, stated in the paper. 

If a fault on the plant has operated the " lock-out 
relay ” a white disc shows on the relay and this callm 
the inspector’s attention to several rela}^ which alone 
can operate the lock-out relay,” viz. self-indicating 
beajing thermostats (No. 25 in the diagram), a.c, over¬ 
load relay (No. 23), station not functioning in tlie time 
given it to complete its operation (No. 27 S), unbalanced 
phase at starting (No. 46). After overhaul, if it is 
not clear what has happened, the gear will be operated 

ceases to function, at which point the trouble 
will be located. 

Mr. French asks if (40)-(4J) act as protective gear 
to the converter. They do not directly, as they con¬ 
stitute the feeder protective gear. Their action is 
instantaneous. The figures which he gives regarding 
savmg on automatic stations which have Considerable 
Idle periods axe very interesting. They are in a^ee- 
with the author’s conclusions. " 


North-Eastern Centre, at NewcasiTJ^e. 12 February, 1923 

• ■ author savs that British 

— I!"* S 


o^t hftpks of transformers for use in this town by the 
Newcastle and District Electric Lighting Co. It is*^ 
almost as long ago that the remote-started and remote- 
^ntrolled autoinatic substations w^e installed at 
HnU and elsewhere dh a high-tension d.c. transmission 
S 3 ^tem. At Hull to-day there axe 20 fuUy automatic 
siibatations distributing direct current. Is it that the 
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economy in putting do?vn small d.c. substations has 
not been proved, or that in their wisdom British engineers 
have^tound greater economy in a.c. distribution? It 
cannot be for want of skill in the manufacture of auto¬ 
matic apparatus in this country. I am sure that there 
is no need to search America or Switzerland for designers 
ancjL manufacturers of automatic electrical devices. 
There has, in fact, been a surfeit of them in this country; 
no sooner does one automatic device appear than others 
just as good, if not better, are produced. However 
shy the users may be, there is no shyness on the part 
of British manufacturers. I am not quite convinced 
that the cost comparison is correct. It seems to me 
that six attendants at £200 per annum is an extravagant 
use of men for running a little substation of 600 kW. 
In schemes (4) and (6) on page 422 the capital cost of 
the plant in not included. If the substations were 
made larger the proportionate cost of the attendants' 
salaries would go down and that of the automatic gear j 
would go up. Has the author made comparisons over 
a broader range of plant capacity ? I feel sure that 
there have been some good reasons for the comparative 
scarcity in demand for automatic substations in this 
country. Could anything be more demoralizing for 
two men than to sit in that little substation day in and 
day out with practically nothing to do but watch a 
few instruments and occasionally turn a handle ? If 
only for their'sake let us have the automatic substation. 
It may deprive a few of that monotonous prospective 
occupation, but it will cultivate a better type, a skilful 
operating engineer whose ^mind can quickly grasp a 
diagram and whose fingers are adept in the adjustment 
and connection of relays. The lot of an operating 
engineer will not be bereft of activity. As a test for 
the type of inan, consider carefully pages 418 and 419, 

which are given the sequence of operation of relays, 
contactors,\uxili8iry switches, etc. If a man can pass tiie 
point where the ** converter will start ** without heaving 
a sigh of relief^ he is a very clear-minded man and a 
promising operating relay engineer. The expression 
"almost perfect" on page 421 shows that however 
little it may be there may be yet some improvement 
necessary an<? some work to be done. A good case 
may be made out for the use of motor converters in 
aiitomatic substations in the future, due to the ease of 
starting-up and synchronizing. The crux of the whole 
problem is, of course, robust relays in distinction to 
instrument work. 

Mr. R. D. Spurr: I agree with the author as to the 
utility of the fully automatic substation, but we have 
not, J think, quite appreciated its proper sphere of 
operation on a d.c. 3-wire network. Automatic sub¬ 
stations were first used in the United States as boater 
' substations for the purpose of maintaining a straight- 
line voltage on long lengths of suburban tramway, 
and by applying them in a similar way to large, straggling 
d.c; 3-wire networks we shall attain the . desired result, 
^At the present time many d.c. network are, as ^e 
author states, loaded to 40 per cent of their full capacity 
and, owing to the demands for current in residential 
areas occurring at times which do not correspond to 
.the usual industrial load demands,, we are faced with an 
interesting problem in voltage regulation exactly sunilax 


to the problem solved in the United States by the 
automatic substation. Assuming a network supplied 
from several automatic substations as well as from a 
manually operated substation, the failure of the latter 
would probably shut the supply down altogether, but 
the failure of one automatic unit would not b^e seriously 
detrimental to anything,^ except that the voltage regula¬ 
tion would be bad until the plant was in service again. 

I feel sure that the voltage regulation as a whole would 
be better than it is with manual operation. The d.c. 
feeder switchgear seems to be very complicated. My 
experience has been that a good substantial fuse gives 
the best protection on low-voltage circuits; it has its 
own natural time-lag and is generally more reliable 
in every way than a circuit breaker which is very seldom 
used, never inspected and which, in consequence, fails 
to operate at the critical time. Three or more parallel 
d.c. feeders can be quite safely operated with fuses 
at both ends, and the chance of a faulty^ feeder not 
clearing properly is very small. The labour question 
with manual substations is an acute problem. In 
the majority of cases one man per shift is sufficient to 
operate the plant, and two shifts per day will allow the 
plant to be available when it is most wanted. In 
fixing upon one man per shift in a substation it must 
be understood that he confines his attention to operating 
the plant only, which can be and is done with perfect 
safety. Under no circumstances must the substation 
attendant be called upon to undertake any duties 
requiring the opening of E.H.T. cubicles; this should 
always be performed by an authorized person who is 
not a substation attendant or regularly employed ds 
such. In most cases where an additioj^ feeder is 
required it will be found that an automatic substation 
will cost about the same as the feed^, and a manu¬ 
ally operated substation about twice as much. 
The automatic substation will supply the network 
with twice as many units as the proposed new feeder, 
and to make a manual substation a reasonably paying 
investment it must turn out twice as many units as 
the automatic plant. The losses in d.c. feeders are very 
seldom taken into account, but it will be found that 
with a long 0*6 sq. in. feeder never more than 60 per 
cent loaded, the actual watts, lost are approximately 
equal to the total losses in a 600 kW automatic plant. 
The automatic, substation will undoubtedly lengthen 
the life of many d.c. networks in residential areas and 
will enable them to meet the domestic loads which 

are gradually increasing. . . -i. 

Mr. W. T. Dalton: The author states that it 
has been left to Liverpool to lead the way .'* in the 
adoption of the fully automatic control of substations. 
In 1920 the Newcastle Transport and Electiiciti'' Under¬ 
taking, when preparing designs for a traction substation 
in one of the outlying districts, provided for its fully 
automatic operation, but at this date prices hdJd reached 
±he high-water mark and the.cost of the switchge^ 
alone was £4 000 for 700 kW of plant, and as the sub- 
(Station was only to be worked on two shifts this figure 
was considered prohibitive. The scheme was therefore 
abandoned, not for want of confidence in the reliability 
i of this form of control, but due to cost only. Has me 
1 ^luthor considered the use of telephonic communication 
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between the substations and the generating station ? 
It would appear that if suitable search coils, or a loud 
type of sensitive transmitters, were placed adjacent 
to the machines, with corresponding receivers at the 
supply end, continuous indication would be given as 
to whether the plant was running normalh^- or otherwise, 
and short-circuits, or the noisG from chattering brush¬ 
gear as the results of a flash-over damaging the com¬ 
mutator, could be detected, thus enabling the staff 
to keep in constant touch with these unattended sub¬ 
stations. Is there any provision for heating these 
substations ? This may appear to be quite unnecessary, 
but will not some of the switchgear, if not protected 
against moisture due to climatic conditions, suffer in 
the course of time ? The conditions in America are 
more favourable, the climate being much drier than 
it is in this country. 

Mr. B. H. Leeson: Manual operation consists of 
performing* a sequence of operations in such a manner 
that the plant is not subjected to conditions likely to 
damage it, and therefore the problem of designing 
an amtomatic substation equipment as an alternative 
is chiefly one for the switchgear engineer experienced 
in the design of protective apparatus. Automatic 
control should prove very efficient in running costs, 
particularly in the case of two or more machines, as 
the maximum output can be obtained from them, 
based on their thermal condition instead of by ammeter 
readings as in the case of manual control. Automatic 
equipment can discrirhinate where manual operation 
alone cannot. The automatic reclosing of a feeder 
circuit-breaker taking place only when its load will be 
within a prescribed limit is an example of this, and it 
protects the plant against unnecessary wear and tear. 
Protection for the machine against excessive overload, in¬ 
cluding short-circuit conditions, has received a great deal 
of attention by manufacturers of switchgear, and high¬ 
speed circuit breakers have been evolved and seem 
bound to take a very prominent position, particularly 
on traction schemes. The question of inserting resistance 
in the d.c. circuit to limit the output of the machine 
has been discussed at great length in the American 
technical Press, but I consider that its use on our systems 
will not be justifiable in many cases. I should like 
to have the author's opinio .1 upo.i this question. The 
electrification of main-line railways offers a large future 
for. the automatic substation. A typical scheme would 
consist of a chain of substations situated close to the 
track and fed from E.H.T. mains running alongside the 
permanent way. The d.c. feeder cables to the track 
would be short, as adequate protection to the machine 
against flashing-over troubles could be obtained by the 
use of reactance high-speed circuit breakers of the re¬ 
closing type. Thus a good voltage-distribution would 
be assured with a minimum c6st of operation and 
capital expenditure on copper. 

Mr. T, W. Ross: Some of the previous speakers, 
have referred to converter substations in this country 
running unattended, but there is a decided difference 
between such substations and automatic substations. 
An automatic sqbstation should do more than simply 
start, stop, and parallel a rotary converter. The properly 
designed automatic substation should, , in addition, b€ 


capable of anticipating any “^faults which may arise 
either inside or outside the substation, and of dealing 
with them more intelligently than the average operator. 
It is here that a fully automatic substation equipment 
differs from a so-called automatic substation, and 
intending purchasers would be well advised to study 
any scheme carefully and find out its limitations. pThe 
automatic substation was first developed in America. 
I have had the advantage of access to the inner history 
of its evolution and I would suggest that there is more 
in the design of these equipments than would appear 
at first sight. My company decided first of all to install 
an American equipment before launching out on our 
own designs. The experience gained has been very 
valuable and after exhaustive tests and experiments 
we now feel that we have perfected our own apparatus. 
I would strongly advise other manufacturers to try 
out their gear thoroughly before putting it on the 
market. To show the extent to which tlie automatic 
substation is being developed in America, I would 
mention one equipment which is being put into operation 
by the Westinghouse Company, in which 35 000 kW 
of rotary-converter plant is being controlled from a 
central office by means of automatic telephone relays. 
One pair of telephone wires connects the central office 
to each substation, and by using the ordinary telephone 
dial switch the machines can be controlled as required. 
This pair of telephone wires not only starts and stops 
the machines, but also indicates the^ load on each 
machine. The control engineer can thus see at a glance 
the load condition on the^whole system and arrange 
to run his plant to the best advantage. This particular 
company claims that the increased distributing effipiency 
obtained is worth the large capital outlay. 

Mr. A. T. Robertson: Arrangements are made 
to ensure that the converter has the correct polarito 
when supplied with current from the starting taps of 
the transformer, but there do net appear to be any 
provisions made to prevent the converter slipping a 
pole and so being unsuitable for putting on load during 
the operation of the relays between the opening of 
contactor (6) and the closing of contactor (11). Does 
the' operation take place so rapidly that there is no 
possibility of a pole being slipped ? 

Mr. P. J. Robinson (in fepiy) : With regard to Mr. 
Clothier’s remarlcs, I have not attempted to prove 
that automatic switcliing has not been in opei*ation 
for many years, for that point is indisputable, but there 
is a distinct difference between automatic control and 
fully automatic control. In the former the human 
element is the cause of the operation, whereas m, the 
latter the human element does not appear except at 
its inception. The 20 stations at Hull come under the 
fonner heading. It is also indisputable that the first 
fully automatic stations were developed in the U.S.A., 
however much it hurts our pride to admit it. That we 
have engineers capable of improving on, and developing 
what has been produced is beyond doubt. As regards 
economy in a.c. distribution the paper deals with a 
particular d.c. area which was in existence, and does 
not suggest its adojftion for new work. Mr, Clotliier 
refers to the expression "almost perfect"; in this 
statement he is correct, for to accept any piece of 
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a.pparatus as “perfect” is very foolhardy, and the 
autlioi; admits most readily that there is great room 
for improvement and a Isurge field for investigation 
into the various elements which go to comprise a 
fully automatic station. 

In reply to Mr. Spurr the question of fuses as against 
contactors received considerable attention, the contactors 
h>eing decided on in view of the possibility of a temporary 
fault shutting down one section of the network perman¬ 
ently if fuses were adopted, and only temporarily if 
contactors were adopted. 

It is interesting to note from Mr. Dalton's remarks 
tlaat Newcastle contemplated a fully automatic traction 
station in 1920 and it is to be regretted that it was found 
impossible to carry the scheme through, as useful 
information would have been available to-day in regard 
to operating charges. As regards the heating of the 


substation, the operating transformer being situated 
under the high-tension cubicle is sufficient to keep it 
free from moisture. With this object in view, the 
transformer was put in the position stated. 

The author appreciates Mr. Leeson's comment as 
regards collaboration between the engineer responsible 
for the lay-out of the \cheme and the design^s of 
the apparatus to be used. This is essential to obtain the 
best results, the engineer obviously not having all the 
sources of information at his disposal that the designer 
of a large firm of manufacturers can command. 

If Mr. Robertson will refer to another section of 
my reply he will notice that the actual time required 
to correct the polarity is 4 seconds, i.e. the time of 
starting up if the polarity is. correct is 41 seconds, 
and, if the polarity is incorrect and has to be corrected, 
46 seconds. 


Mersey and North Wales (Liverpool) Centre, at Liverpool, 19 February, 1923 


Mr. J. S. Peck: As I am not familiar with the actual 
debails of construction of automatic substation appar¬ 
atus, I shall not attempt to discuss the paper in a tech¬ 
nical way. For a long time I have watched the 
development of the automatic substation in America. 
Some 18 mont^ ago when I visited the United States, I 
took occasion to investigate the matter more closely. I 
visited several installations and discussed engineering 
features with the designers and found that both designers 
and operators were most ei^thusiastic as to the future 
of the automatic substation and the enormous develop¬ 
ments nwhich were likely to follow. After returning 
to this country it was arranged that an engineer from 
the Westinghcmse Company should visit Great Britain 
in-order to e^ivise us as to the possible field for automatic 
suhstations here, and also to discuss the question with 
operating engineers in this country. This engineer, 
Mr. Wensley, succeeded in convincing many engineers 
here that there was a very promising future for the 
automatic substation, and I think he confirmed the 
opinions previously formed by Messrs. Dickinson and 
Itobinson with regard to the advisability of installmg 
such stations at Liverpool. In entering a new field 
where the apparatus is as complicated as is the case 
with the control for automatic substations, we deemed 
it advisable to take the fullest advantage of the experi¬ 
ence gained by the Westinghouse Company, and the 
first equipments installed in this country were manu¬ 
factured at Pittsburgh. Since then we have manu¬ 
factured one complete equipment at Manchester and 
are now in a position to produce such equipment on 
commercial Hues. We have thus been enabled to 
avoid many of the difficulties which axe almost invariably 
encountered by any firm starting to develop a line 
of apparatus without having had previous experience 
in its operation. 

Mr. J. H. WiUiams: I should like to ask the 
author whether the method of feeder protection with 
autoniatic reclosing contactors arr^ged by means of 
auxiliary contacts to connect a measuring rwstance 
acfbss the feeder circuit y^hen the ^iontactor is open, 
is as good as the alternative arrangement using a con- 
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tactor which closes on a fault a definite number of 
times with a time-delay in between the closings and 
which is then locked out. The first method leaves the 
feeder always alive, a disadvantage on a traction system 
as the trolley wire is alive. We are actually fitting 
recorders on some of the automatic substations which 
we are installing, to record the operation of the various 
relays, etc., and we hope to get some useful informa¬ 
tion thereby. In one corporation system where the 
substations are worked with standard rotary con¬ 
verters and switchgear, the plant is started up and the 
substation run without attendants, and th3re has been 
practically no trouble. Automatic substations behave 
very much better than manual substations under fault 
conditions. Quite a number of automatic substations 
arehow being manufactured in this country for tramway 
and railway load, and I do not think that the author 
is correct in saying that this is the only three-wire 
station in the world. I believe there are very nearly 
20 in the United States. We do not like the method 
of starting up the rotary converter by means of tappings 
and a field-reversing relay and contactor, but prefer 
induction-motor starting with a separate exciter, 

Mr. S. E. Povey : The use pf automatic substations, 
is particularly interesting from a railway traction point 
of view, as a means of reducing running charges. 
They appear to be applicable in certain instances, e.g. 
(1) on sparsely loaded sections; (2) to meet increases 
• of load on existing sections; and (3) to meet loads 
during morning and evening rush hours. When used 
as on item (1), by shutting down the substation plant 
between trains the , light-running losses are greatly 
reduced. With reference to items (2) and (3), p^- 
ticul^ly for suburban and inter-urban services, *^6 
traffic requirements demand almost twice the seating 
accommodation during the two morning and evenmg 
rush hours than during the rem^ing hours of the 
dhy. During these rush hours.it is necessary to main¬ 
tain the schedule speed because, of the small headway 
between trains. Therefore in la 3 dng. out a section 
due aUowahce must be made for the voltage-drop on 
tie high-tension feeders, and particularly on the third 
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rail, produced by these peak loads, so that "the average 
voltage at the traiu is sufficient to enable the motors 
to work the train to schedule times. When these 
conditions are met it is obvious that during the light 
hours of traffic the system is under load. Again, 
even during fight traffic'' hours, the large peak loads 
taken when starting a train, ahd not the average hourly 
load, in some cases govern the number of rotary con¬ 
verters which must be on load at a substation. The use 
of automatic substations will enable intermediate sub¬ 
stations to be shut down during the '"light traffic*’ 
hours without the average voltage at the train being 
too low to maintain the schedule, and by concentrating 
the load on a smaller number of substations the light 
running of all rotary converters will be greatly reduced. 
In the matter of control the subject appears to be 
quite different on a railway S3rstem than on a lighting 
and power system. On the latter the load is compara¬ 
tively steddy and the voltage on the network is not 
rapidly fluctuating. The minimum-voltage relay is 
therefore quite suitable for governing the starting up 
of fhe Walton or similar substations. However, on 
a traction system the heavy starting current causes 
large fluctuations of voltage on the third rail. While 
the operation of a voltage relay can be set to depend 
upon the average voltage, the train service is not sym¬ 
metrical, and therefore the voltage control for starting 
an automatic substation does not appear to be fully 
suitable. The load on an electric railway follows the 
time table and is very definite and therefore, except 
in the event of the failure of an adjacent substation, 
the control of starting up and shutting down an auto¬ 
matic substeition should be by time. Distant control 
from an adjacent substation would, however, appear to 
be advisable fully to cover the conditions. It is noted 
ffiat the overload setting of the d.c. line circuit breaker 
is controlled by the " rate of rise in current value.** I 
would draw the attention of designers to the heavy 
current taken in starting a main-fine electric train, 
and would point out that the current taken on the 
first series or parallel notch may be from 1 800 to 2 600 
amperes. The amount of current passing to a short- 
(fircuit will in some cases be less than these values. 
Again, I do not agree that the proposed method of 
measuring the resistance of the track before reclosing 
the d.c. feeder circuit breaker is satisfactory. The 
current t^en by the brake pump motor, the heating 
and lighting of trains and stations, and the resistance 
of the fault, will have to be taken care of. It is not 
advisable to kave any voltage on the track in such * 
cases, as a motorman might have to carry out 
emergency repairs or adjustments near the third- 
rail shoes, etc. Also, the reclo§ing of a d.c. feeder 
circuit breaker three times before finally leaving 
it out is not to be recommended for a railway 
system. It would appear that because of im¬ 
portant junctions, and when the train loads require 
the installation of three or four rotary converters, 
some substations will still require to be manually 
operated, and the d.c. feeder circuit breaker in adjacent 
automatic substations should be reclosed only when i 
the voltage has been restored to the section by the S 
manually operated substation. Automatic control of "a | 


substation equipped with two ^or possibly three machines 
would appear to be economical, but when four machines 
are installed manual operation is more economical. The 
possible economies by the use of automatic substations 
are to be welcomed as an item on the right side of the 
balance sheet when considering railway electrification. 

Mr. J. H. GoUie : Is it possible to use'" automatic 
substations on a railway system employing regenerative 
control ? If so, what arrangements are made to keep 
the line open to receive the current generated by the 
motors during braking, which in some cases amounts, 
I understand, to 10 per cent of the power supplied, 
seeing that the substations would automatically shut 
down on the load being removed ? 

Mr. G. E. Swift: The paper disarms criticism in 
that it is purely a description of a fully automatic 
substation, and the fortunate circumstance of the sub¬ 
station being required on the route of the E.H.T. main 
no doubt went a long way towards the decision to 
erect a substation in preference to laying down more 
copper. As the substation has only recently been put 
into operation it is perhaps too early to describe and 
criticize it, but the fact that the installation operates 
with the discrimination described is most important. 
The substation has only one rotary converter installed, 
and having regard to the number of automatic appar¬ 
atus it would appear essential to have dujpfication. If a 
second rotary converter were installed, and both were 
running on load, in the event of the lo^-d being reduced 
would one cut out or would both continue to run on 
divided load ? If the si^bstation has rendered idle 
a low-tension feeder, to what use will this be put ? 
This would appear to have some effect on any basis 
of comparison. A comparison of the advantages to 
be gained by the use of automatic installations as against 
the laying down of additional copper would J>e welcome. 
It would appear that the conditions that a fully auto¬ 
matic substation has to fulfil do not obtain in many 
districts, and in many cases the consumers* habits are 
such that their requirements can be anticipated and 
met by a non-autom.atic substation with the usual 
protective devices, left to run without attention. Two 
such substations, each of 600 kW capaci^, are in opera¬ 
tion in Chester. They are installed adjacent to engineer¬ 
ing works, the electricians of which start up and shut 
down the rotary converters when instructions are 
received by telephone from the generating station. 
These substations have been in daily use for over 
12 months and have successfully met faults on both 
the a.c. and d.c. sides, while the operating costs for 
both do not exceed £60 per annum. o 

Mr. P, J. Robinson (in reply ): It is very encouraging 
to learn from Mr. Peck that in future the apparatus 
required for automatic stations can be entirely produced 
commercially in this country and not have to be pur¬ 
chased abroad. 

In reply to Mr. Williams, for the particular work 
required of the feeder contactors I think that tiie 
relay which discriminates between a bad fault and a 
high-resistance fault is to be desir^. The fact that 
the feeder is alive Is immaterial, as, of course, if the 
feeder fault has a Ipw resistance the voltage on the feeder 
will be very small. If the voltage rises, then the fault 
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has been removed and tlfe contactor will close without 
delay and so restore the supply. If it is desired to work 
on the’ feeder, the control switch in the automatic station 
is opened and so makes the line dead. Stations winch 
are started by hand and left on load must, of necessity, 
be very inefficient, owing to the light-load periods, and 
also it musrt: be borne in mind that a large city may have 
many stations dotted about over large areas, which 
would make it very expensive to keep a staff for starting 
up and shutting down. I have referred elsewhere in 
my reply to the relative merits of tap-starting as 
against other methods of starting. 

The majority of the comments made by Mr. Poyey 
are outside the scope of the paper, but at the same time 
they are very interesting and instructive, and I have 
no doubt that all the points could be satisfactorily 
met in practice. It is distinctly worth noting that 
railway engineers regard automatic stations so favour¬ 
ably, both in this country and abroad, and I feel sure 
that in the near future there will be many operating 
on that class of work. 

In reply to Mr. Collie, the station under discussion 
does not, of course, meet the case of regenerative control. 


but there appears to be no insuperable difficulty in 
meeting the case if it arises on railway work. 

Mr. Swift is correct in his surmise Idiat the E.H.T, 
supply being so near the centre of the load did help 
in the decision to erect a substation in the particul^ 
position chosen, but it did not materially«influence 
the decision to erect a ^Substation, as it would be a 
cheaper proposition to lay high-tension as against low- 
tension cables, which latter would meet the require¬ 
ments only for the time being. The station is at 
present equipped with only one converter with auto¬ 
matic gear, but arrangements have been made for 
extensions in the future. The automatic gear will 
operate to cut in the second converter when the first 
is loaded up, and to cut it out again when one converter 
can deal with the load satisfactorily. The author has 
dealt with the question of stations started up and left 
to run. The two cases mentioned by Mr. Swift are not 
relevant to the point under review; obviously if one 
can get someone else to start one*s station it is the 
cheapest method to adopt; also, the supply to, and** 
the protection for, a bulk load must be dealt with in 
a different way from a general supply. 


South Midland Centre, at Birmingham, 21 February, 1923. 


Mr. R. A.*' Ghattock : The author has described 
the difficulties that have to be met when a d.c. dis¬ 
tributing network fed from a central station or sub¬ 
station becomes heavily loaded. I agree with him 
generally in the principle xhat has been applied at 
Liveipool to solve the problem. I should, however, 
like to‘suggest some other points of view which I ttok 
would tend tq, simplify and cheapen the proposition. 
Tt^e author states that only from 30 to 40 per cent of 
the copper ih the long low-tension feeders is available, 
owing to the voltage-drop. He has surely overlooked 
the possibility of boosting at times of heavy load on 
the long feeders; by this means such feeders can be 
run up to 70 to 80 per cent of their capacity of 1 000 
amperes per sq. in. I quite agree that a.c. four-wire 
distribution is Simpler and cheaper to install from a 
distribution point of view; it is, however, not so good 
from the consumer's point of view. There is no stand-by 
possible, as there is with a storage battery in the case 
of direct current, and this is a most serious limitation 
in a densely populated and business centre. Again, 
alternating current is not nearly so useful for the small 
domestic motors, such as vacuum clean^, washers, 
fans, §tc. I quite agree, therefore, that Liverpool was 
wise to^ discard that way of overcoming its difficulties. 
Of the other three methods suggested, the laying of 
further d.c. feeders from the old or new centres is not 
justified when compared with automatically controUed 
substations. Where manual control is used, the high 
labour costs necessitate the installation of plant of 
Iflrge capacity. Automatic operation, however, allows 
the efficient use of plant in small units. The smaller 
the better, down to 60 or 100 kW, and this is where I 
join issue with the author. By adopting rota^ con¬ 
verters for this purpose he has introduced what, in 
my opinion, are unnecessary complications. He is 


obliged to use units of plant of not less than 300 kW, 
owing to the high cost of the discriminating and pro¬ 
tective gear, and this means that he must employ a 
certain number of d.c. feeders to get the output dis¬ 
tributed in the network. In other words, he cannot 
quite approach the simplicity and cheapness of the 
a.c. system. I think that if he had adopted the plain 
induction motor-generator he would have greatly 
simplified the control though the efficiency would not 
have been so good. I think that this, however, would 
have been justified as such plant would cut in only 
at times of heavy load, and this effect would not be 
felt to any great extent. In order to approach the a.c. 
system, smaller units of plant are required, which can 
be installed at more frequent intervals and fed steaight 
into the d.c. network. With a view to meeting this con¬ 
dition I have been experimenting with the mercury- 
arc rectifier. A 226 kW rectifier of the Brown-Boveri 
steel cylinder type has been installed across the outers 
of a d.c. network in the Harbome substation for about 
18 months, and for the past 12 months has been worlmg 
absolutely automatically, the substation being visited 
only about once a week when the apparatus is working 
alone in parallel with a storage battery. I should 
like to assure the author that there are other British 
engineers, notably in Birmingham, who are not afraid 
of automatic control. I am so satisfied with the 
behaviour of the mercury-arc rectifier that I have now 
installed two 26 kW automatic glass-bulb rectifiers of 
the Hewittic Electric Co.'s make across the two sides 
of another d.c. network. These are now functioning 
quite satisfactorily, and I am proposing to develop 
the supply to the outlying •thinly populated districts 
in Birmingham by means of this type of apparatus 
arranged for automatic operation, i.e. it wiU cut out 
if^the extra-high-tension supply fails, and cut in again 
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when it is restored, faults on the d.c. network being 
corftolled by fuses or circuit breakers. Such a S 3 ^tem 
is directly comparable with an a.c. system, with the 
exception of the cost of the rectifier itself and a slightly 
larger substation building. Small substations can be 
installed ^wherever required to maintain the pressure 
over the network, and at timfis of light load certain of 
the substations can be arranged to cut out automatically. 
The necessary controls are quite simple, and are far 
less in number than the formidable list of 41 controls 
set out by the author in Appendix A as being necessary 
to control a rotary converter. I hope to be in a position 
shortly to describe in detail the controls that we have 
installed on our rectifier at Harbome. 

Mr. F. Forrest: The author has not referred to 
the runniiig hours of the automatic substation, nor the 
average load factor, so that we are unable to judge 
whether the choice of a rotary converter for use in this 
substation* was justified. The rotary converter is the 
most difficult of all substation converting units to adapt 
•for automatic control, but it is a highly efficient machine. 
If, however, the running hours are short, a less efficient 
machine which would require a cheaper automatic 
equipment for controlling it would be preferable. I 
presume that the rotary converter is a reactance- 
controlled machine, the voltage being varied by altering 
the field current. If this is so the question of power 
factor will become rather serious, as the author states 
that the machine is put into service when the voltage 
of the d.c. network is low, and this may coincide with 
a time when the voltage of the a.c. supply to the sub¬ 
station is higher than normal. Under such conditions 
the field current of the rotary converter would be 
reduced very considerably, and also the power factor. 
In fact the rotary converter working under such con¬ 
ditions may have a much worse power factor than the 
ordinary induction motor. The schematic diagram 
does not indicate how the change-over to traction 
supply is effected, but I presume that this is done by 
means of a tapping on the high-tension side of the 
transformer, which in turn will require a second extra- 
high-tension oil switch. The paper describes a highly 
ingenious arrangement of automatic relays which, 
however, because of their complexity will induce 
engineers to turn their attention to types of substation 
plant for automatic working which will necessitate 
fewer and simpler pieces of control apparatus, such as 
the induction motor-generator or the mercury-vapour 
rectifier. 

V, Mr. G. Rogers ; It is certain that with any t57pe 
of automatic substation plant some risks have to be 
taken. The engineer who purposes to equip such 
substations must face these risks and assess them at 
their proper value. The failure of a fuse (of which 
I imagine there must be many to protect the various 
automafic relays) renders the plant inoperative and 
may involve a serious failure of supply. In cases wheRe 
the substation is designed to feed into an existing 
network (such as in the case described by the author) 
or ’*where there is a ^battery stand-by, the risks are 
m i nim ized and^can be faced with a greater degree of 
confidence. No engineer will install automatic» con- 
^rter substations for the sake of doing so; there must 


be a distinct saving of costs. ^ In the case in point the 
author claims a distinct saving in the running costs, 
but it must be pointed out that in the case of the manually 
operated substation the total running charges of £1 305 
given on page 422 could be reduced. In the case of a 
boosting substation of this type the machine would come 
into service only for the duration of the p6ak, wjiich 
may be, if it is an industrial load, between the hours 
of 8 a.m. and 6 p.m., or, if purely a domestic load, on 
the evening peak only. In the latter case one shift 
only would be sufficient to operate the station, or, if 
the former, two shifts per day would meet the case. 
I should be glad if the author would give the total 
capital cost of this substation. I estimate that the cost 
of the rotary converter and the automatic switchgear 
was approximately £13*4 per kW. Automatic con¬ 
verting plant of the mercury-arc rectifier t 5 rpe could be 
installed for much less than this figure, i.e. about £8 * 9 
per kW. I believe that there is a big scope for automatic 
substations for boosting purposes and for supplying 
outl 3 dng districts, but it will not pay to install them 
in cases where the supply can be given by means of 
new feeders run only from existing stations. Witliin 
a radius of 1 000 yards d.c. feeders could be laid to 
supply 600 kW at a total cost, including the boosters 
to enable full use to be made of the copper, less than that 
of installing an automatic converter substation such as 
described in the paper. I shall be glad^ if the author, 
in his reply, will give the following inforpaation : (1) The 
number of times per week it has been found necessaxy 
to visit the substation for j^nspection purposes; (2) the 
average daily machine load factor over 24 hours; 

(3) whether -^e converter can be started up by manual 
operation in the event of the failure of any part of the 
automatic switchgear; (4) whether there is any means 
provided to indicate outside the substatipn that the 
machine is in or out of service*; (6) how the output 
from the station is measured, and what records are 
kept. Referring to Mr. Chattock^s ^remarks and de¬ 
scription of the automatic mercury-arc rectifier sub¬ 
station which we have had in operation for the past 
12 months, I propose to describe the operation of this 
gear by means of a lantern slide, from which it will 
be seen that the arrangement is comparatively simple 
and involves the use of only 14 relays. 

Mr. W. E. Groves ; The ingenuity of the relay 
equipment of the automatic rotary converter substation 
must be admired, and, as the author testifies to its 
satisfactory operation, there is only left the question 
as to whether other means to the same end, involving 
less complex control, are not available. Such ^terna- 
tives have been mentioned by previous speakers in the 
discussion. The smaller the amount of auxiliary 
apparatus necessary, the greater will be the range of 
application of the automatic substation from considera¬ 
tions of reliability as well as cost. It is certain that 
tliere is a very useful field for automatic substatioqjs 
to asast existing d.c. networks such as are dealt witii 
by the author. Whether it will pa;^ to employ them, 
as against laying down additional copper and feeders, 
is not difficult to '^determine. The author, however, 
neglects cable losses in making his comparison. This 
is hardly fair to the automatic substation, as these losses 
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must vary inversely ■wilJi the money spent in copper. 
It mpst therefore be assumed that he has made suffi¬ 
ciently liberal allowance in his estimates to justify 
such losses being ignored. The alternative of boostog 
has to be considered. This would be inax^ssible 
except for dealing with peaks of short duration, and 
would not therefore apply to the 12-hour runs men¬ 
tioned, but it is bound up with the question of cable 
losses. The author seems to suggest that he would 
have preferred to deal with the situation by substituting 
alternating for direct current, and his reasons for not 
doing so are convincing. In most large towns there is a 
zone where direct current is the right system because 
the loads are concentrated and direct current has certain 
advantages both from the consumers’ and the distri¬ 
butors’ points of view. Alternating-current distribu¬ 
tion finds favour with the mains engineer because it 
reduces the liability to faults, and its adaptability 
to transformation must alwa 3 rs commend it, but &e 
development of automatic converting or rectifying 
substations will enable d.c. distribution to be emended 
into areas where this S 3 rstem would otherwise be imprac¬ 
ticable, and the homogeneity of the supply system as 
a whole will be increased. 

Dr. C. C. Garrard: I think that the author has 
made a very good case for the use of automatic sub¬ 
stations for ■yie purpose in view. I have inspected 
the installation at Liverpool, and I should like to con¬ 
gratulate him op the scheme and lay-out which he has 
adopted. It would be interesting to have a Uttle 
further information regarding the grid. Could the 
author state the voltage-drop across this grid resistance 
with tUe full current passing through it ? As far as I can 
judge from the paper, the grid resistance is of very low 
ohmic value; aich being the case, I fail to see how it limits 
the current ^om. ihe substation in the event of a dead 
short-circuit. Of recent years the use of economy re^t- 
ances in contactor design has been as far as possible 
obviated, and as the contactors used are operated by 
alternating current I should have thought economy 
resistances unnecessary. Their use seems rather a retro¬ 
grade step. With reference to the extra cost of the 
automatic geat^ which is given as £1 796, may one take 
this as being lie minimrun extra cost for the smaUrat 
possible automatic station ? I should also like to raise 
the question of the use of a tap-started rotary converter. 

I cannot undeantand why the latter has been adopted. 
The motor-started rotary converter seems very much 
more suitable for automatic operation. With the 
motor-started machine neither brush-lifting gear nor 
a pola-slipping device is required, as one can always 
rely on its synchronizing with correct polarity if auxiliary 
chokers are used. Its adoption would result in con¬ 
siderable simplification of 1he automatic switchgear. 
I be glad if the author would state if ^ere is 

any particular reason why a tap-started machine has 
been sidopted. Also, it would be interesting to know 
whether the addition of a second or third rotary con¬ 
verter in the .substation is contemplated when the load 
warrants it, and whether the automatic gear will deal 
with the problem of starting up* one machiae aitet 
anbther, according to the load demand, and shutting them 
down in a corresponding manner. In the upper portion 


of column 1, on page 421, the author stat^ that the 
sequence of, operations seldom occupies a time greats 
than 66 seconds, plus the time-lag on the relay, and 
that this is a great advance compared with manual 
operation, which necessitates synchronizing by hand. 
According to my experience, however, a. seu-sjm- 
chronizing hand-operated rotary converter of this size 
starts up in less than half of 65 seconds. I do not mea,n 
by this, of course, to argue against the use of automate 
gear under such circumstances as set forth by the 
author. The great point about the automatic gea^ 
in my opinion, is that it saves labour charges,^ and 
renders the installation of substations economically 
possible in cases where it otherwise would not be. 

Mr. J. A. Cooper : At a recent discussion before 
the South Midland Students* Section I was. impressed 
by the number of members who had had experience of 
faults on protective devices. I should like to ask, 
therefore, if the author has experienced an^ faults on 
the relay apparatus, and, if so, how many. With 
reference to the Harbome substation, I suggest that 
it would be an improvement to fit a relay to the vacuum 
pump so that the rectifier vacuum might be kept always 
at its working va.lue and no time be lost by pumping 
up before switching in. 

Mr. P. J. Robinson {in reply) : In reply to Mr. 
Chattock, direct current certainly seems ^ preferable 
to alternating current from the consumer s point of 
view, but for outlying residential districts, thinly 
populated, there appears to be no case for the former 
from the supply undertaking's point of view; these 
districts if formerly supplied with direct current ^e 
changed over to a.c, supply and extended as 3uch. With 
reference to the use of boosters, as the feeders in question 
supply a network at a comparatively shorty distance 
from the existing manually operated stations, the 
pressure at the feeding point would have been exces¬ 
sive, also extra converting plant and boosters would 
have had to be installed at the manuaUy operated 
stations. The relative advantages of motor-generators 
or mercury-arc rectifiers, as against rotary converters, 
are rather outside the scope of the paper, but it must 
be borne in mind that a rectifier has a drooping charac¬ 
teristic, the voltage dropping considerably as the load 
increases, viz. 6*4 per cent from 26 kW to 300 kW, 
which is unsatisfactory; also, as the vacuum pump 
has either to be kept running continuously or operated 
by remote control, the station is obviously not fully 
automatic. 

Referring to Mr. Forrest's remarks, the converter 
is reactance-controlled, and no difficulty has been 
experienced with the power factor, which is as follows 

200 amperes .unity 

400 „ . 0-998 leajling ^ 

600 „ •• •- , 0-995 

f 800 „ .. -- •• 

This is certainly .higher than we should get from an 
ordinary induction motor. * The transformer is pro¬ 
vided with tappings on the high-tension side. For 
lighting or traction pressures these tappings are con- 
■fi'olled by a throw-over switch, which is interlocked wdth 
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tiie high-tension oil switch, any attempt to alter the 
position on load resulting in the latter switch being 
opened first. 

In reply to Mr. Rogers, fuses are reduced to a minimum, 
and only the main fuses in the operating transformer 
circuit are in series with any of the operating relays. 
There is no battery as st^d-by but the manually 
operated stations would act as stand-by in the case 
put forward. As regards the relative cost of a rotary 
converter with automatic switchgear and a mercury- 
arc rectifier with automatic switchgear, it is not clear 
on what amount of plant the figures given are based, 
as obviously both stations must be of the same capacity 
and provided with the same facilities; also the main¬ 
tenance of one will greatly exceed that of the other, 
especially when the rectifier is of the glass-bulb pattern. 
The converter does its own balancing, whereas in a 
rectifier either a balancer or battery must be used, or 
else low-tehsion rectifiers in series, lie latter, of course, 
being very inefficient. 

* In reply to Mr. Rogers's queries : (1) One visit a 
weet is quite sufficient for inspection purposes, though 
more attention is being paid at present, until the inspec¬ 
tors are thoroughly conversant with the plant. (2) The 
average daily machine load factor, over 24 hours, is 
about 30 per cent. (3) The station cannot be started 
other than by the automatic gear, but in the event 
of any particular piece of apparatus failing this can be 
cut out and the station will still function automatically. 
(4) The '' lock-out" relay is provided with special 
contacts for indicating externally that it has operated. 
These can be coupled to a red lamp outside the station, 
and instrucfions given to the police to notify the Elec¬ 
tricity Department, or the contacts can be coupled 
to the private telephone wires, and give indication to 
the telephone operator. It has not been found necessary 
to adopt either of the above, as it is clear that the 
manually operated stations will be aware, owing to 
their increased load, that there is trouble. (6) The 
station is equipped with a recording ammeter and volt¬ 


meter, which are also an inOication of the times of 
operating. 

Mr. Groves mentions the use of boosters; this has 
been dealt with elsewhere. Cable losses were purposely 
ignored, as the case for the substation as against new 
feeders was strong enough without taking them into 
account. ^ 

Dr. Garrard refers to the use of economy resistances. 
These are only used on the main contactors (12) and 
(16) and the feeder contactors (40) and (41), which 
are across the d.c. barsin no case are economy re¬ 
sistances used on the a.c. contactors. £1795 represents 
the extra cost for a 500 kW converter and this amount 
would, of course, be reduced considerably with a reduced 
output, as obviously all main contactors, grid resistances, 
busbars, etc., would be smaller in comparison. The 
question of the relative merits of tap-starting as against 
other methods of starting, and also the starting-up of 
a second converter if installed at a later date, have been 
dealt with elsewhere in the reply. The grid resistance 
is provided as a safeguard to the station plant, the 
feeder protection taking care of a faulty feeder. If the 
manually operated stations failed, the load would 
become too heavy for the automatic station plant to 
deal with, and the grid resistance would cut in to limit 
the output. As it takes about 8 minutes for tlie grids 
to arrive at the requisite temperature to shut the plant 
down, the manually operated stations fiave a margin 
of time to get going again. The actup.1 time required 
to put the converter on load is 41 seconds if the polarity 
is correct, and 45 second]^ if the polarity has to be 
corrected. 

In reply to Mr. Cooper, so far there have been no 
faults on any of the relays, nor does there appear to be 
any reason why they should occur. The relays are 
aU of sound construction and very robust.^ Regarding 
the suggestion to fit a relay on the vacuum pump of 
a mercury arc rectifier, unfortunately this is a difficult 
matter which has not yet been overcome; it is, how¬ 
ever, receiving very considerable attention. 
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Summary. 

It is tlie axitlior’s purpose to present concisely some of 
the more interesting problems encountered, and the methods 
adopted to solve them. The problems, although encountered 
in high-speed alternators, will be found to be of interest to 
engineers engaged in other branches of the electrical engi^ 
neoring industry. 

The following subjects are considered:— 

(1) The history and failures of turbo-alternators. 

(2) Mechanical construction of rotors and caps supporting 

the coil ends. 

(3) Stator windings and insulation. 

(4) Stator slots. 

(6) Alternator ventilation, water cooling and the necessity 
for clean air supply. 

(6) Exciter instability. 

(7) Eddy currents in rotors. 

(8) Oscillograph tests, in explanation of exciter instability, 

showing the necessity for precautions when breaking 
the main field by means of a quick-break switch 
without any discharge resistance. 

---—- 

(1) The History and Failures of Turbo- 
'n alternators. 

During the past ten years the development of large 
alternators running at high speeds has greatly advanced, 
.gold has brcnght out many interesting problems of design, 

•construction, and operation. * zi a 

Since the first steam-turbine-dnven dynamo* (10 
.c.h.p. 100 volt^, 76 amperes, running at 18 000 r.p.m.) 
-was designed and constructed in 1884 by Sir Charles. | 
Parsons, engineers have recognized that high speeds of 
•rotation are essential to direct-coupled, steam-turbme- 

•driven machinery. j j. 

The velocity attained by a flmd when forced ^t of 

.an oriace in the form of a jet 

to the square root of the density, so ihat low density 

• of workhig fluid impUes high velocity of a 

nozzle. Also, theory and experiment prove 
•obtain good efficiency, the peripheral speed m a tarbine 

must be comparable with the jet speed; so that, m 
Srb5«s driven by steam, which has comparatively 
low density (only 1/140 of that of water at high 

• and 1/40 000 at 29 in. vacuum), the pOTpheral p 
must he sufficiently high to obtain good steam 

In practice, this means high speeds ^ 

turbine and for the alternator, where the latter is direct 

•xiouttled to the turbine shaft.f 

tL frequency for most dectrffication sch^^ “ 
this countiy. however, is 60 perio^ per second, which 
limits the alternator speed to 3 QPO r.p.m. ^ 

.compuiun wit. wdprocatjiirpittpt engi“* ptactiiw. 


Whilst this speed has been found suitable for 
moderate outputs, it is not sufficiently high to enable 
the best economy to be realized in small commercial 
turbines of 1 000 kW and below, a circumstance which 

Table 1. 


Parsons Alternators, 


Year of installation 

1909 

1910 

1913 

1914 

1917 

1918 

1919 

1921 

1922 
1922 
1922 

Under con¬ 
struction 

1911 
1911 
1911 
1916 
1916 

1921 

1909 

1910 
1913 
1913 
1916 
1918 

1920 

1922 

Under con¬ 
struction 


Power factor 


kVA 

1260 

1 876 

2 060 

2 500 

3 760 

6 475 

7 500 
10 000 . 
12 600 
15 600 

18 750 

25 000 
2140 

2 500 

3 200 
3 750 

14 700 

17 660 

2 860 

8 676 

13 160 

26 000 

19 000 

14 760 

18 760 
26 000 

47 600 


has led to ibe developmmt of geared turbo-alternators 

^°A^ut 18^!” de Laval had developed a satisfacto^ 
form of double helical reduction gearing for use witt 
iis impulse turbine, and showed that smgle- 

«duS gesiwidi a ratio of 10 to 1 could tesuccess- 
fdly constructed for transipittmg 

j^out 1912, however, Sr i 

developed this form of gearing for coupling to el®^^ 
machinery turbines of much greater output; and, by 
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the use of modem single^ireduction gears, a turbine can 
be run up to some 6 000-6 000 r.p.m.; the speed of the 
altemhtor, now being optional, is made low (500-750 
r.p,m.), so that ordinary materials and low-speed con¬ 
struction may be adopted, with a view to reduced cost. 

With regard to large units, it is only within the last 
few years <that alternators of very large output at high 
speeds of rotation have been built. 

Table 1 gives the sizes of the largest Parsons 
alternators, of different speeds, manufactured each 
year, and demonstrates, on the whole, a gradual increase 


proved satisfactory after several years* trial. Credit 
is also due to the Newcastle-upon-Tyne Electric Supply 
Company, and their consulting engineers, Messrs. Merz 
and McLellan, for their courage and initiative in in¬ 
stalling a pioneer plant which was such a notable advance 
on anv existing practice. ' 

In *1915, 3 750 kVA ^as considered to be a large 
output at 3 000 r.p.m., whereas, to-daJ^ alternators of 
20 000 kVA continuous maximum rating have been 
manufactured in this country. In America at present, 
9 375 kVA continuous maximum rating is the largest 


1500000 
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4,—Number and output of Metropolitan-Vickers turbo-alternators in service. 


in capacity of individual machines. The curves in 
Fig. 1 perhaps iUustrate this more clearly. During the 
period of the late war, the size of plant at 3 000 r.p.m. 
remained comparatively steady. The curves 
great interest, as it will be seen that the 14 700-kVA 
alternators, again referred to later in the paper, were 
S great advance upon machines running at the time.. 
From the data obtained frolh the five 14 700-kVA 
alternators, expefience was gained which enabled 
Messrs. Parsons to de^gn and marmfactiire alt^ators 
of even greater outputs at 3 000 r.p.m., witliout exceeding 
the electrical and mechanical limit! which had been 


output at 3 600 r.p.m. From the author’s discussions 
with engineers and designers in America, he found that 
the difficulty in designing at the higher speeds lay in 
the alternator and nCt in the turbine, and that ventila¬ 
tion appeared to be a limiting factor. 

^ With the improved materials and methods of ventila¬ 
tion, combined with more accurate proportioning, la.rge 
alternators at high speeds are certainly no less reliable 
than the earlier and smaller machines. The accom¬ 
panying curves. Fig. 2, indicate all th© breakdowns of 
Parsons alternator stators in the British Isles during 
t&e past ten years. The total output and the number 
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of machines installed during this period are also 
given. 

During the period 1916-1917 there were several 
failures, due to reasons which are now clear, the faults 
being at the alternator terminals and on the end 
windings, due to overheating, insiifhcient supports 
against sudden short-circuits, end to station conditions 
such as moisture in air ducts. The two breakdowns 
for 1922 (Fig. 2) were of alternators built 20 years 
ago. One involved a minor repair, and the second 
machine had to be rewound. Only the failures of stators 
are included, as the failures of rotors of which the 
author has experience have been few during this period, 
and the difficulties have been mechanical and readily 
overcome. This record speaks for itself, especially 
when it is remembered that during a large portion of 
this period the plants were run at maximum output 
night and day, owing to war conditions. Although the 
number of" machines in commission has increased, the 
number of breakdowns has diminished. The improve¬ 
ment is still more striking when it is considered that 
the t:onditions of operation in a modem power station 
have become more severe with the advance of time. 

To achieve these results, advantage has been taken 
of every opportunity of incorporating later improvements 
into alternators already in operation. The results would 
have been even better had it not been that, because of 
the circumstances previously mentioned, it was not 
possible to shut down some of the plants even for a 
short time in order to make the necessary improvements. 

In one plant some of the stator conductor insulating- 
tubes were found to be eroded. The ground near to 
the air-duel^ entrance to the alternator foundations 
was being excavated, and fine grit and dust were drawn 
into the alternator air-duct and air-gap, being thrown 
out by the rotor at a velocity corresponding approxi¬ 
mately to its peripheral speed, causing a sand-blast 
action, which was sufficient to cut into the portions of 
the insulating tubes exposed between the core sections. 

The rem.ainder of the tubes were protected by the 
core, as the slot was of tlie tunnel formation. A photo¬ 
graph of two of the conductor tubes is shown in Fig. 3. 
It is of interest to record that, although at least seven 
conductor bars were damaged, being bared to the 
copper, the alternator did not break down. Protection 
is now provided b}^ means of teak-wood packing at 
the top of the slots, driven in along the whole length 
of the core. 

The fault mentioned above was found during the 
annual overhaul, and emphasizes the advisability for 
periodic examination and testing in order to avoid 
mishaps which are beyond the control of both power 
station engineers and manufacturers. 

Fig. 4 gives the curves for machines of the Metro- 
politan-Vickers Electrical Company’s manufacture, which 
also shof^r a downward tendency in the percentage of 
breakdowns.* 

(2) Mechanical Construction of Rotor. 

The principal mechanical problems are encountered 
in the construction o{ the rotor. Improved methods 
of manufacture, and more systematic inspection and 
♦ Journal 1921, voL 59, p. 299. 


testing, have eliminated troubles due to fiaws in the 
material. 

The barrel formation of rotor, in which the e/citing 
windings are embedded in radial slots formed between 
the poles, has proved itself eminently suitable for 
liigh-speed design. The details of the rotor construc¬ 
tion depend upon experience, and upon the**desi^ of 
the remaining parts of the alternator. 

When the first 14 700-kVA alternators running at 
2 400 r.p.m. were under consideration in 1914, tlie 
problem of the best construction of rotor was thoroughly 
tlirashed out. The merits of the plate rotor with a 
tlirough shaft, of the plate rotor with bolted-on shaft 
ends, of the rotor built with tliin laminations on a 
through shaft, and of the single-forging rotor, were 
given careful consideration by Sir Charles Parsons and 
the autlior. The simple solid forging was finally chosen, 
and experience has shown that it is the most suitable 
construction. 

After careful consideration of the peripheral speeds 
of machines already running, it was decided to adopt 
the very conservative and safe figure of 300 ft. per 
second, at which peripheral speed several Parsons 
alternators had been running for many years at speeds 
from 1 000 to 3 000 r.p.m. Obvioush’’ tins .meant a 
long rotor body, and its length was actually 105 in., 
with a diameter of 29 in., giving a ratio of pole length 
to pole diameter of 3 •62; tliis ratio 'vTas more than 
double that of any large alternator, either running or 
under construction, at that time. From careful calcu¬ 
lations and comparison with these earlier machines it 
w^as decided that there might be a critical speed at 
1 600 r.p.m. (On running the rotor of the first of these 
machines later, it was found to vibrate slightly between 
1200 r.p.m. and 1 600 r.p.m., but aJEter the final 
balancing no undue vibration could be detected at pr 
below 3 000 r.p.m., i.e. 25 per cent above^the normal 
speed.) 

It is of interest to note here tliat, ^in a paper read 
before this Institution in 1908, the pioneer Parsons 
direct-current armature was described,* having a core 
diameter of 2J in. and a core length of 8 in., giving a 
ratio of core length to core diameter of 3|. This arma¬ 
ture ran at 18 000 r.p.m. and had a through shaft. 
Most of the earlier rotors and armatures successfully 
ran through two or more critical speeds before reaching 
the running speed. 

In addition to otlier novel features, the rotors of the 
14 700-kVA alternators w'-ere water-cooled, and details 
are given in Section (5). It was realized that tliere 
might be difficulty in dissipating heat from sych a 
long rotor by the usual methods of air ventilation, so 
that water-cooling was introduced to give confidence 
upon this question, leaving the designers a free hand 
to deal with the mechanical problems. 

Rotor caps .—^The caps for supporting the rotor end 
windings are one of the limiting factors in any design, 
and it is here that the advantages of comparatively Ioa^ 
peripheral speeds become apparent. The material now' 
obtainable for the caps has an ultimate strengtli of 
65 tons^per sq. in., with a 3deld point of not less than 
48 tons per sq. in. The matenal is also ductile, ^as 
* Joumc^ I,E.E.f 1908, vol. 41, p. 286. 
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shown bv the elongatioi? on a test piece 0-564 m. 
diameter'{area= 0-25 sq. in.), of 16 per cent on 2 m., 

with a reduction of area of 60 per cent. . ,i,„ 

With the comparatively low peripheral speed the 
stress in the caps is kept below 12 tons per sq. m. at 
the normal speed: in the 14 700 -kVA alternators 
before mentioned the mean hoop stress m the caps 

was less than 9 tons per sq. in. 

The rotor end windings are not evenly ^stiibu 
under the caps, a circumstance that leads to a draw¬ 
back, which is more apparent m the 2-pole rotors, 
namely that the caps, not bemg unifomdy stress^, 
tend to become oval in service. Moreover, it is possiWe 
to deform a cap 25 in, diameter, 1 in. thick, by as much 
as i in. on the diameter during its assembly over the 
windings. This phenomenon, when first obse^^, g^e 
much food for thought, and it was considered desirable 


ehmuiating any side pull such as that due to a belt. 
ftTon deLanJe between the rotor journals and beaxmgs 

Thi e’^^Sy of the cap was obtained by ing 

J 4^g elegances between the cap and a fixed 

point or contact. 




.r. • 4 . „ An<l can to determine the distortion when running at_3 000 r.p.m. 

Fig. 6.—^Experiment on rotor e p, photographing spark. 


Plan of apparatus 



to obtain exact information as to the actual deformation 

sneed The investigations were earned out early l^t 
war (1921) and a rotor from a 16 000-kVA alternator 
riinnina at 3 000 r.p.m. was selected for the experiments. 

the dynamic balancing of alternator rotors, 
driVen^y a 600-b.h.p. low-speed njptor, stepping np 
through ^a 6/1 gearing and flexible coupling, thus 


Two methods of obtaining the eccentriofy "were 
originally proposed: 

/l) Using a microphone to record 

note in a telephone receiver, or to give a record 

‘ the gap hetwae. a B*.d contact 

and the cap. 
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The microphone method is inadmissible unless the 
cap is of magnetic material, and there is obvious diffi¬ 
culty in obtaining accurately, by this method, the shape 
of the cap while running; the second method was 
therefore adopted. 

The maximum extension of the cap occurred adjacent 
to the rotor body. The extension on the diameter 
was 0-01 in. between poles, and 0*025 in. at the centre 
of the poles. The cap was therefore only slightly 




Fig. 7.—Graphs showing distortion in rotor end cap. 

Table of Readings and Calculations from 
Experiment. 

Spark Gap = 0*15 in. 


(1) 

Position on 
rotor 

(8) 

Length of 
spark at 

3 000 r.p.m. 
on Elm 

(3) 

Length of 
spark at 
600 r.p.m. 
on Elm 

(4) 

Difference 
(3)-(2) 

(6) 

Actual distort on 

(4)x^ 

pole 

0*99 

1-11 

0*12 

0-0163 

45*^ 

1*02 

1-11 

0*09 

0-0122 

90° 

1*056 

1*09 

0*035 

0*00475 

135° 

1*035 

1*11 

0*075 

0*0104 

pole 

1*03 

1*09 

0*06 

0*00815 

225° 

1*065 

1*09 

0*025 

0*0034 

270° 

1*05 

1*09 

0*04 

0*0054 

315° 

0*99 

1*07 

0*08 

0*0109 

pole 

0*99 

1*11 

0*12 

0*0163 


distorted. The results agreed very closely with calcu¬ 
lation. 

It will perhaps be of interest to give here a very 
short description of the experiment. The sparking 
contact,'^ Figs. 5 and 6, was supported from the heavy 
baseplate and made adjustable axially along the cap. 
The brush of the contact breaker, which it was found 
more convenient to fit to the driving motor shaft, 
could be moved round to make the spark at any desired 
circumferential ^.position . on the cap. Fig. 7 gives in 
graphical and tabular form the results of one set of 
readings taken at 500 r.p.m. and 3 000 r.p.m. The 


procedure in calculation is given at the head of the 
table following Fig. 7. ^ 

At the former speed it was assumed that there was 
no appreciable distortion of the cap—^the difference 
in the readings will therefore give the distortion due to 
the rotation at 3 000 r.p.m. The illustrations are 
diagrammatic, but some idea of the diflficulti^ in 
running, and due to windage, may be gauged from 
them, when it is remembered that the maximum 
peripheral speed of the rotor, which weighed 15 tons, 
was nearly 400 ft. per second. 



CROSS SECTION 
D-shaped 

CONDUCTOR 



LONGITUDINAL VIEW 
SHOWING helical 

stranded conductor 


25000 kVA 


6600 VOLTS 50' 




OVAL CONDUCTOR 
14-700 kVA 


OVAL CONDUCTOR 
SHOWING TUBE FOR THERMO COUPLE 

5750 VOLTS 40^^ 


I 


I 


OVAL CONDUCTOR 
REPLACING LAMINATED BAR OF ANOTHER MANUFACTURE 
21430 kVA 6500 VOLTS 50^ 


a—B 

SQUARE AND D-SHAPED CONDUCTOR ASSEMBLED 
25000 kVA 12000 VOLTS 25*-^^ 

Fig. 8 . —Sections of insulated conductors made from Parsons 
helically stranded coreless cable, without crushing. 

Figs. 9 and 10. —Special cable-making machine. 

(These were shown as lantern slides.^ 

(3) Stator Windings and Insulation. 

Early alternator stators were hand wound, with a 
continuous length of cable of the same cross-section 
throughout. The insulating tubes in the slots, were 
moulded separately, usually of tape and fibrous material 
such as press-spahn or leatheroid. They were placed in 
position in the slots, and the cable was wound or<pulled 
through them. The cable was insulated by hand 
during the process of winding. This construction, 
although of proved reliability, was laborious and expen¬ 
sive, and became more dfficult with the increasing size 
of alternators. The winding space was not used 
effectively ; the output w^as limited and the cost unduly 
high. 

To overcome these difficulties, the conductors in the 
core are now made separate from the end connectors. 
The former are made by Messrs. C. A. Parsons Sc Co., 
of their stranded coreless cable,* shown in Fig. 8,* in 
• British Patent, Nos. 16 620/08 and 184 674, 
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wliicli the individual straitds are insulated and spiralled 
in a definite lay, to eliminate eddy-current losses in 
the clble. The end connectors are made of copper 
straps, which form a good mechanical construction for 
bracing against the forces set up in the winding at the 
moment of sudden short-circuits. 

The cable employed is constructed on a special cable¬ 
making machine,* and is built up of copper strands 
separately insulated; it can be manufactured in any 
desired shape without a central core and without 
crushing. There is therefore no necessity to deform 
the cable after it leaves the cable-making machine. 
By this means the danger of short-circuits developing 
between individual strands is ehminated. Some ex¬ 
amples are given in Figs. 9 and 10, illustrating the 


construction of transformers and alternators by other 
manufacturing firms in this country and on the Conti¬ 
nent; in America its use is now under consideration. 
Later still, multiple joints * were adopted for connecting 
the cables forming the core conductors to the end con¬ 
nectors. This improvement is successful in minimizing 
the loss due to eddy cuTrents induced in the joints. 
An example of a conductor with three separate joints 
at each end is given in Fig. 11. 

With the improved winding construction, mica 
became, and still remains, the principal component 
in the material of the insulating tubes. Instead of 
the tube being formed and the conductors wound 
separately, the slot insulation is moulded round the 
conductors, forming one bar ready for placing into 



• « fi'iA rable which leaves the 
accurate fom-yng of the cao , 

were wemnd with romid stranded cable, there ^ no 

insulation on the As a result, 

was broken in the proems eddy 

excessive heating occurre obvious dis- 

currents. The result that it 

advantage of a low space **^<=*0^, machine, and 

\yas impossible to desi^ an ^ 

limits were placed on the ou^ type^^^ 
was also vesy difficult to an^^ Parsons patented 
suitable shape for ‘ ^ and to-dav is gsa^nally 

cable overcomes tiiese ^ ' ^sed in the 

obtaining recognition, so that is bmg 
* British Patent, No. 16 620/08. 


the slot The insulation is applied by the I^^ons 
St.JSv bv a special machine, the design of which is 
W ol the prhiciple of the familiar hand cigarette- 

TbSid^rSSed r^uOd'S’^^SOt cam! band, being 

thus tightly ^^-rapped^o^d th^J^^Te^rto b^ 
The ^ bar weighing a few pounds, up to 

able to f end collectors are alsoinsv- 

barsweijjhing assembly in tlie stator; after 

lated separately bef the joints con- 

assembly, it IS only ne . conductors. With 

necting the end windmgs wi . ^ j^^s become 

these now a.thod. r, m^tenals. to 

import"* port of too »-o''=- 

supervise more stne y manufacture had 

• In earher practice, insulation moulded round 

deoeloped in «» oopP«. 

the conductors tonn®*^ ^ knocked with a 

and had almost a ™®talhc thisirav made a great 
henmer; »<l»eto» msutatrf ^ 
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metallic structure. The disadvantages of this method 
of insulation did not appear until later. 

During 1913, on drying out the stator windings of 
a 2 500-kVA, 6 600-volt alternator, cracks developed 
in the hard insulating tubes, which broke down to earth 
under the high-pressure insulation test. The reason 
for this failure was not appreciated until a similar 
fault developed on another stator, and the whole position 
was investigated. The explanation is a simple one. 
When the alternator gets hot, the conductors and 
insulating tubes expand and lengthen. The copper 
conductor, having the higher coeficient of expansion, 
lengthens more than the tube and, as both form a solid 
mass, one has to give way. It is always the tube. 
This illustration shows clearly how a modification, 
although apparently an improvement, may have dis¬ 
advantages which only develop on trial under operating 
conditions. It shows also the necessity for caution in 
departing*from proved methods of construction. 

Yet, on looking into other spheres of electrical work, 
-•it is not unreasonable to reflect that the difficulties 
might have been foreseen. Take one example—^an 
ordinary electric glow lamp. The metal leads to 
the filament must have the same coefficient of expansion 
as that of the glass through which they pass, otherwise, 
when the lamp is switched on, and becomes heated, 
the glass and wires expand unequally and the glass 
cracks, 

• To remove the expansion difficulty, and to retain 
the insulating tube moulded directly on to the con¬ 
ductors, it is necessary to use an insulation having 
the same coefficient of expansion as that of copper, or, 
alternatively, to make the insulation sufficiently flexible 
to take up the difference in expansion. The former 
solution is not yet obtainable. A flexible mica insula¬ 
tion had therefore to be devised. This insulation, after 
a great deal of investigation, was finally obtained and, 
when the spirit has been evaporated from the varnish 
binding the mica flakes together, the remaining oils 
ensure that the insulation retains sufficiently elastic 
properties at the operating temperatures of fie alter¬ 
nator. It must be remembered that the sides of the 
conductor slots also grip the insulating tube; just as 
between the copper conductor and the tube there is 
relative movement, so is there also between the tube 
and the iron core. Flexible insulation has provided a 
satisfactory solution of both difficulties. 

As an alternative, if a hard moulded insulation is 
used, the following precautions should be taken, A thin 
layer of flexible insulation should be applied between' 
the conductor and the hard tube, and also outside 
the latter. This outer layer of elastic material naight 
be applied to the sides of the slots so as to present 
a smooth surface to the insulating tube. A suitable 
bituminous compound, becoming elastic at the operating 
temperartures, would serve the purpose. 

It must be borne in mind that whatever insulatipp. 
is employed must not be brittle. If brittle insulation 
is used, cracks will also develop when the windings are 
subject to the forces bccrtrring on short-circuits. The 
insulation must jniot pulverize. Too much stress cannot 
be laid upon these qualities. 

Experience has proved that movement of the efld 


windings as a whole cannot ^tirely be prevented.^ On 
one occasion a dead short-circuit occurred across the 
terminals of one of the largest alternators wfiile on 
full load. Careful examination showed that, owing to 
the shrinkage of insulation and packings relieving the 
pressure of the clamps, the stator end windings in one 
place had moved ^ in., but had afterwards sTf)rung J^ack 
to their normal position. 

(4) Stator Slots. 

In the author^s opinion, the tunnel formation of slot 
for receiving the stator conductor bars has many 
advantages over the open slot formation. The con¬ 
struction may*be a little more expensive to manufac¬ 
ture, but, when correctly designed, the windings are 
more accessible for examination and withdrawal, if 
necessary, than former-wound coils in completely open 
slots. This advantage is more noticeable in turbo- 
alternators, as the number of poles rarely exceeds two 



Fig. 12.—^Oscillograph curves for 18 760-k'\rA 6 600rV 
alternator on open circuit. 

{a) Between phases. (6) Between phase and earth. 


or four, giving a long winding-pitch. The advantages 
are also still more apparent in the largest turbo-alter¬ 
nators, since the number of conducters per slot is 
small. 

The slot is punched with a full radius top and bottom, 
giving a sound mechanical construction of core, and the 
insulating tube, of the oval cross-section required to 
fin the slot, is readily moulded around the conductor 
bar. 

With the tunnel slot construction the flux pulsations 
are minimized, and, as the stator bore has an ujiinter- 
rupted contour, the circulating currents induced in the 
rotor body are reduced to a minimum and the efficiency 
of the alternator is improved. In the closed slot 
construction the leakage of flux across the iron bridge 
enables a high inherent reactance to be obtained without 
resorting to abnormal proportions of the slot. 

Again, by the use of the tunnel slot it is possible to 
obtain an alternator voltage wave-form^ entirely free 
from ripples. With the open type of slot it is difficult 
to remove the rippie at the peak of the voltage wave¬ 
form, *Fig. 12 gives the oscillograms of the open-cirguit 
voltage of a Parsdhs 18 750-kVA alternator with tunnel 
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slots. Fig. 13 gives tli^ oscillograms with a load of 
8 000 A and a power factor of 0’95. Both sets of 
oscillograms give the voltage between phase terminals, 
and between the phase terminal and the star point. 
There are no pronounced harmonics, and on load the 
maximum deviation from a sine wave of the pressure 
between tlxe line terminal and earth is 2*1 per cent. 
This improvement in wave-form is most desirable, 
especially where the supply of power is given through 
transformers or through converting apparatus such as 
rotary converters. It avoids disturbance in telephone 
operation and difficulties with parallel running, since 
it eliminates circulating currents, and it gives the 
supply engineer opportunities to earth without antici¬ 
pating trouble. 

If tooth ripples are present in the voltage wave¬ 
form, there is the danger of resonance in the distribution 
system causing breakdowns of the cable insulation. 
Such a series of failures was recently brought to the 



fTiG 13.—^Oscillograph curves for 18 750-kVA 6 600-V 
alternatoron load of 8 000 kVA at 0-96 power factor. 

{a) Between phases. (6) Between phase and earth. 

PxG. 14._Stator tooth supports of different dates. 

Pig. 15 ._The effect of the vibration of spacers and core 

plates in a particular case. 

(Figs.*14 and 15 were shown as lantern slides.) 


author’s notice; they were finally asenbed to the 
above cause, and were overcome by connectmg in 
circuit another feeder to alter the impedance of the 

external circuit. . j. ^ 

Some years ago, two power stations about one m 
apart were running in parallel, and it vras found th 
the electrical instruments in one station were m - 
eating more load than the altematore could po^Jly 
give, whereas the recorded output at the second st ation 
was too low. This error in the reading of the ins^- 
ment was finaUy traced to the 

currents through the alternator star-pomts, which were 
earthed in both stations. ^ 

• Siator tooth supports.-lhe suppo^ to ^e 
between the .slots have in the p^ b^n ^ s^^f 
difficulty. Views* of the supports used at diH^ 
dates axe given in Fig. 14. The H^e.*on spac^sho^ 
at<A has proved to be the most smteble support The 
U-shaped spacer shown at B gave trouble du 


insufdcient bearing surface. In one alternator the 
vibration of the spacers and core plates was sufficient 
to taper away the spacer to less than half its original 
height, and to cut through the adjacent thick plates 
supporting the core, as illustrated in Fig. 15. Some 
of the spacers broke away at the shoulder -and were 
pulled on to the periphery of the rotor. At the time 
the fault was found, it was impossible to shut the 
machine down and provide a remedy, as there was no 
other plant available to take the load. 

(5) Ventilation. 

With the larger sizes and longer lengths of alternators 
(necessitated by comparatively low peripheral speeds) 
it becomes more difficult to ensure uniform cooling. 
In the usually accepted schemes of ventilation, air is 
drawn or forced in from the ends of the alternator 
only. The available area for the passage of air is 
limited, and the air is heated before getting to the 
centre of tlie alternator, which is consequently the 
hottest part. Such local high temperatures Hmit^the» 
output. 

To obtain a scheme of ventilation in which the alter¬ 
nator gtiall be cooled uniformly throughout its entire 
length shonld be the aim of all designers, and it is 
necessary that the construction shonld be simple and 
easy to manufacture. Such a method is described in 
British Patent No. 16 585/1914, and, so far as the author 
is aware, the practical application of this scheme of 
ventilation is unique. The alternator, for ventilation 
purposes, is divided into separate air circuits in paraimi, 
each with low resistance to the passage of the air. By 
this subdivision the alternator can be -designed o 
have any desired length, and still be uniformly cooled. 
Fans attached to the rotor, or separately-dnven fans, can 

be used. From Fig. 16 it wiU be seen that the air is 
forced into the separate pressure belts or comp^- 
ments A, which are cast into the stator ca^g, ^ter- 
nating with tiie exhaust compartments B throughout 
the length of the alternator. From each pressure 
comparlment the air passes through radial ducts mto 

the Ldy of the core. A portion of 

Stween the stator teeth K round the conductors mto 
the air-gap where it divides and passes axially m bo 
toeS and back radially into the adjacent com- 
nartments B Only a portion of the air passes betw^ 

•bindings, eliminating hot spots. 
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The rotor is mainly surface cooled, but, in ad^tion, 
air is also drawn in under the balancing discs E. A 
portion of this air is forced through the holes F “ 
rotor end caps, and the remainder is drawn into t^ 
axial slots G machined along the rotor poles. Gaps H 
are left between the keys in these ventilating slots, 
so that air is thrown out opposite the exhaust com¬ 
partments in the stator casing. 

With the scheme of ventdation described, a sepa¬ 
rately-driven fan is recommended. It is impracticaWe 
to construct a highly efficient fan for fittiiig on the 
ends of the alternator rotor. When integral fans are 

within its maximum rating. ‘The motor-driven fan ^ 
be designed with the maximum efficiency, and ri has 
been proved that a consequent gain of as much as 1 per 
cent in the efficiency of the alternator is possible. 

Air cleaning.— A large quantity of air is used to cool 
an alternator, and its weight may actually exceed 
that of the steam passing through the thrbm^ per 
unit time; it is therefore essential that the air should 
be clean. A 10 000-kW turbine, with a steam con¬ 
sumption of 10-0 lb. per kilowatt-hour, passes 1 670 lb. 
of steam per minute, whereas the weight of the venri- 
lating air passing through the alternator is 2 740 lb.. 



Fig, 16.—Parsons ventilation system of an alternator. 


Fig. 17.—^Design and arrangement of air baffles. 
(This was shown as a lantern slide.) 


used, sufficient air is passed only at the expense of 
unnecessary power and consequent loss of efflciency. 
It is also impracticable, without increasing the length 
of the plant unduly, to obtain a suitably designed 
vortex cftamber in the end shields, owing to the restricted 
space available and to the baffling effect of the stat®r 
end windings. The author has had considerable ex¬ 
perience of separate motor-driven fans on alternators of 
all sizes, and on none ,pf these plants has a breakdown 
occurred on either fan or motor. It is needless to 
point out that it is essential to obtain a good desigjn 
of fan and motor,, and to see that the latter runs well 



i.e. 45 per cent more during the same period, assuming 
a flow of 36 000 cubic ft. per minute. 

Until comparatively recently, it was tliSsjjiiversal 
practice to ventilate the alternator by means of a 
continuous stream of fresh air forced through it, either 
by separately-driven fans or by fans integral with tlje 
alternator rotor. In this system the heated air may 
be either thrown away outside the. engine room, or 
utilized in the boiler stokeholds for the combustion 
of the 4uel. If efficient means of cleaning the air were 
not adopted, thejpassage of the very large quantfties 
of fresh air necessary would quickly result in the silting 
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up with dust of the -s^ntilating ducts through, the 
alteri^^atcr windings and core. 

In ’'the early days the cleaning apparatus consisted 
of filter cloths, presenting a considerable surface to the 
passage of the air. The principal disadvantages of this 
apparatus are :— 

(f) The large space occupied. 

(2) The necessity for periodic removal of accumulated 

dust, some of which reaches the windings in 

spite of all precautions. 

(3) The danger of fire, due to the in/lammable nature 

of the filter cloth. 

(4) The length of external ducts for conveying the air. 

As a result of the first three disadvantages mentioned, 
the dry air-filter was generally superseded by the wet 
air-filter, in which the air was brought into intimate 
contact with water. 

In tliis type of filter it is possible not only to clean 
the air, but also to lower the temperature of the air 
entering the machine below that of the surrounding 
atmosphere. The great disadvantage of the wet air- 
filter is that there is always a danger of free moisture 
being carried over into the alternator and collecting on 
the windings. This danger cannot be altogether 
eliminated even with long air ducts, large settling 
chambers, and fans between the filter and the alter¬ 
nator. 

In 1913, few ^reliable data were available as to the 
conditions under which wet air-filters were operating. 
Messrs. C. A. Parsons and ^o. decided to investigate 
thoroughly the whole position, and tests were carried 
out on, a number of filters of various makes installed 
in different parts of the country. These tests showed 
that in a grea* many plants free moisture was present 
in* the filtejed air entering the alternator. In some 
machines the insulation resistance of the stator windings 
was reduced to a dangerous figure. The fault was not 
only in the filtei^ but also in the lay-out of the ducts 
between the filter and the alternator. The circulation 
of air through the filter was not uniform. As the 
danger due to free moisture was so great, a number of 
wet air-filters were put out of commission, and in other 
plants the water was periodically shut off from the filters 
so as to give the alternator insulation resistance time 
to rise. 

A wet air-filter of a capacity of 25 000 cubic ft. of 
air p^ minute was installed at the Heaton works, and 
exhaustive tests were made on it. The results clearly 
indicated that the design of filter under test was wrong. 
A new type of wet air-filter resulted. Although more 
reliable"*, wet air-filters are now available, great care 
must be taken in the lay-out of the filters in relation 
to the ajjlbnator, and precautions must be taken in 
their opmtion. The filters are sometimes put out of 
commission during frosty weather owing to the danger 
of the water freezing. Steam heaters have been used to 
overcome this difficulty. 

It was felt, however, by Messrs. Parsons that the 
time had come to* attempt to eliminate the difficulties 
due to the air coming into contact with water. Tt 
was suggested that some form of ^apparatus which 
cooled the air circulating round a closed system of ducts 
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might be an improvement; the same air vrould be 
repeatedly circulated, and it would therefore riot^ e 
necessary to clean, but only to cool it. In addition, 
it was decided that the air must not come into contact 
with the cooling fluid. Some years previously this 
same question had been discussed, but at that time 
it was considered inadvisable to proceed with such a 
cooler which, with the data then available, was found 
to be both cumbersome and expensive to manufacture. 

Renewed tests were now started on a design of aii 
cooler which was in fact a motor-car radiator in leveise 
operation, its function being to absorb heat fioni the 
air instead of to dissipate it. The cooler undei test 
had copper tubes with sheet-iron gills, and was in 
reahty a radiator taken from a 4-ton lorry. As a 
result of only a few experiments, it was found that 
such an air cooler was a commercial proposition. 
Elaborate experiments were carried out with a,n enclosed 
system of ducts, with the same air repeatedly circulated. 
An electric heater was used in the ducts for heating^ 
the air, the heat being subsequently extracted by^the 
cooler. 

Credit should be given to the staff of the Battersea 
Corporation Electricity Works who, in 1912, took out 
a patent for a cooler using water from the condensate, 
and proved the advantages of the enclosed air system. 
They installed their first cooler at Battersea power 
station, using plain tubes. The whole question was 
discussed with Messrs. Merz and McLellaii, and an 
alternator air-cooler, to deal with 18 000 cubic ft. of 
air per minute, was installed in 1919 by Messrs. Parsons, 
on a 3 000-kW plant in the Blaydon power station of 
the Newcastle-upon-Tyne Electric Supply Co., to whom 
credit should also be given for placing an order for ex¬ 
perimental plant for commercial use. This alternator 
air-cooler which, since its installation, has run without 
any fault developing, was the first design with gilled 
tubes to be installed and put into commercial operation 
in this country. The Parsons Company has a number 
of coolers for alternators, with a total capacity of a 
quarter of a million kVA, either in operation or under 
construction, for this country or abroad. At the time 
the above-mentioned cooler was installed, the General 
Electric Co. of America was apparently experimenting 
on the same lines, and some of their results were pub¬ 
lished.* 

There are several advantages attached to the closed- 
circuit system of ventilation. It is generally possible 
for the cooler to be installed inside the alternator 
foundation block, the only external plant being the fa» 
with its short connecting air, ducts. The system is. 
therefore very compact. Little or no dirt can collect 
in the alternator, since practically the same air is 
continuously circulated round* the system. Owing to 
slight unavoidable air leakages (which have to ]pe made 
up) it is true that the circulated air is very gradually 
rd^laced, but the ducts can be so arranged that the 
leakage occurs, at one point only, the incoming air 
being previously cleaned and dried. In the author's 
experience, however, this comqplication has proved 
unnecessary. 

.Another advantage of the closed-circuit system 
* General Electric Review^ 1920, vol.’23, p. 99. 
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lies in the fact that it reduces the fire risk, as the actual 
weight of air available to feed an internal fire in the 
macliine is smaU and the oxygen therein would be rapidly 
consumed. The weight of air in the system of a 
10 000-kW alternator would be only 80 lb. 

The designers of the Gennevilliers power station, 
Paris, where coolers are installed, have plarmed a system 
for increasing the nitrogen content in the air to such 
an extent that it will not support combustion. This, 
in the author’s opinion, is an unnecessary procedure. 

Fig. 18 illustrates a simple lay-out of the closed- 


to fit into guides in the floor' and ceiling of the air¬ 
cooler chamber. Valves V (Fig. 18) in the water s^rince 
enable a section to be isolated, and facilitate the with¬ 
drawal of individual sections. The handhng of the 
latter, after being withdrawn, is effected by tlm meam 
ordinarily available in the power station. Doors h 
and G (Fig. 18) are provided in the foundation, air 
conduits to give access for inspection purposes, and to 
enable external air to be passed through the alternator 
when required. In the latter event, door G wo^d be 
swung round so as to prevent further circulation of 


WATER outlet- 
prom COOLER 


WATER JNLET- 
TO COOLER 



E LEVATIOH 



end elevation 




circuit air system of ventilation. The air is forced 
from the outlet of -Uie fan D, through the alternator, 
into the foundation block in which is embodied the 
cooler C. On leaving the cooler, an air conduit E 
leads the cool air back to the suction side of the fan D. 

Usually the cast-iron water boxes of the air cooler 
are placed vertically, so that the water tubes a»e 
horizontal, the passage of the water, being two-flow. 
By the provision of sped^ ferrules on the water tubes 
of the coolers, single'tubes can be readily withdrawn 
for inspection and replacement. 

The coolers are built in two or more sections, ea^h 
section being mounted on wheels or rollers and arranged 


air through the cooler via the alternator when the 
latter is out of commission. 

The water-box covers can be removed for cleaning 
the tubes without removing the cooler sections, ^le 
arrangement of the coolers in two or more^ections 
enables any one section to be opened for cleaning, or 
to be removed for overhaul, while the alternator-is in 
commission; the plant is operated meanwhile with 
the remaining sections, with somewhat increased air 
teinperatures. 

To prevent the possibility of the carculatmg ^ter 
entering the air passages of the cooler, it is desirable 
that, wherever possible, the water, tubes of the cooler 
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should be arranged on th« suction side of the circulating 
water pump, so that the water pressure in them would 
be lefe than that of the circulating air, which would 
be drawn into a puncture or leaky joint, instead of the 
water being ejected into the air. The cooler can be 
tested periodically for possible leakages when the alter¬ 
nator is out of commission. 

. A knowledge of the quantity and temperature-rise 
of the water passing through the copier affords a ready 


of water cooling used at present is illustrated in Fig. 19 ; 
the rotor is cooled by water wliich enters and leaves 
at the same end, giving uniform cooling throughout 
and avoiding the complication of having water con¬ 
nections at the coupling end of the rotor. 

Thus, in Fig. 19, the water enters through*the small 
stationary inlet pipe A, ?nto the rotating tube B fixed 
to the rotor shaft. It passes along the central axis 
of the rotor radially outwards through the holes F, 



Fig. 19.—^Longitudinal section through water-cooled rotor. 


and accurate method of checking the heat losses of the 
alternator and fan. 

Water cooling ,—^'Phe use of a liquid cooling agent has 
always appealed to the designer of dynamo-electric 
plant. It was first applied to electrical machinery by 
Sir Charles Parsons in his original very high-speed 
dynamos, built during the period 1884 to 1889. The 
armature shafts of these dynamos were hollow, and 
cool ofi was continuously pumped through to the 


and returns through the longitudinal weldless steel 
tubes G placed immediately under the rotor windings, 
and so radially inwards, through the radial holes H, 
to the annular space J between the pipe B and the 
rotor body, exhausting through the perforated cap C 
into the water box formed in the end pedestal. The 
whole design is simple and free from danger. 

The joints to the pipes G are made externally to 
the stator end sliields, so that any leakage developing 



Fig. 50.—18 000-kVA, 5 750-V, 40-period, 2 400-r.p.2n. three-phase alternator, 0*85 power factor. 


outboard bearing. The innovation was subsequently 
discarded as relatively ineffective. 

In 1904 or 1905, an alternator was built in which, 
as an experiment, water pipes were, fitted in the radial 
ducts of the stator core, the dimensions of the ducts 
being similar to those of'the customary air passages. 
I?ater, in 1905, the stator core of another alternator 
was cooled by a group of longitudinal water pipes, 
wliich passed thidugh spedally provided tunnels and 
were connected to water boxes fdlming the sjipports 
for»the ends of ihe core. The most modem scheme* 
British Patent, No. IS 986/1914. 


would be immediately apparent, and not dangerous to 
fhe alternator stator. The tubes are expanded into 
holes in the collars K machined from the rotor shaft, 
and the holes plugged. Any leakage along the tubes 
from the joints is thrown off by centrifugal force, and 
there is no danger of water coming into contact with 
either the stator or rotor windings. 

•The same water is repeatedly circulated through the 
rotor and is cooled in a sephral^ surface cooler. The 
cooling water is normally supplied from the condenser 
circulating water system. The closed water system for 
tlfe rotor, is adopted, since it is found necessary to add 
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chemicals to the water in order to prevent corrosion 
of the water passages. Fig. 20 gives two views of an 
18 000-kVA alternator with a water-cooled rotor, and 
it will be of interest to give a few details of this machine. 

The output is 18 000 kVA, three-phase, 5 500-6 000 
volts, 40 periods, at 2 400 r.p^.m. The stator core has 
an internal diameter of 35 in.,** and a length of 108J in. 
There are 72 slots, or 12 slots per pole per phase, and 
each slot contains one conductor, so that there are 24 
conductors per phase. The stator flux ^ ~ 156 500 000 
magnetic lines per pole, and the effective pole-arc being 
29 in. (or 53 per cent of the pole-pitch) the mean density 
at the armature face is 50 200 lines per square inch. 
The peripheral speed of the rotor is 345 ft. per second, 
so that the centrifugal force of the material at the 
periphery is 2 700 times the force of gravity. 


At the time the water coolicig of rotors was adopted, 
it served a very useful purpose in providing an addi¬ 
tional safeguard in the design of plant very much" more 
advanced than any preceding it. 

(6) Instability of Exciters. 

Difficulties have been encountered the world over 
with the instability of exciters. This instability show’s 
itself in tw’o ways : 

(1) The exciter voltage tends to creep when the 
alternator is running at no load, and it is difficult to 
steady the alternator voltage for synchronizing. This 
is due to the absence of saturation in the exciter magnetic 
circuit at the low exciting voltage. 

(2) Reversal of the exciter shunt-field current and 
exciter polarity. If this occurs when the alternator 



Fig. 21.—Shunt-wound exciter. Normal condition. 



Fig. 23. —Compound-wound exciter. Norfnal condition. 


Fig. 



22.—-Shunt-wound exciter. Main field acting as a 
generator; exciter field and polaiity reversed. 



iC 

Fig. 24.—-Compound-wound exciter. Momentary condition 
showing current in series winding overcoming effect 
of reversed shunt field current, main field acting as 
generator, and exciter terminal polaritjv reversed. 


E =s Exciter. 

S = Exciter shunt field. 

V 2 =s Normal exciter voltage. 


Figs. 21, 22, 23, 24.—Stability of exciters. 

L =s Shunt field rheostat. 

K =* Shunt field switch. 

Va « Several times normal exciter voltage on sudden short-circuit. 


C Exciter series winding. 
M « Rotor winding. 


The output coefficient <^2/(r.p,m.)/kVA of 17 700 is 
lower than is usual for tliis size of plant. The increase 
ip. output for a given carcase, however, does not as a rule 
warrant the additional expenditure entailed in the 
manufacture of a water-cooled rotor. Only in special 
circumstances can water cooling be efficiently employed, 
e.g. in rotors where cooling water considerably bdow 
atmospheric temperatures is available. In using cold 
water, every precaution must be taken to avoid surface 
condensation of moisture from the air. 

By the use of water it was possible to obtain a very 
useful indication of the losses occurring in the rotor 
body.. including excitation -losses and eddy-current 
losses under various load conditions. The actual power 
absorbed in the 18 000.kVA design at full output was 
35 kW, the excitation loss being only 42 kW. 


is running in parallel wdth other machines, the, rotor 
drops back a pole-pitch and continues to give its load. 

As' a rule the effects of instability can be overcome 
by the provision of a main field regulator, which enables 
the exciter to work well up on the saturation*' curve. 
The introduction of the main field regulator is, however, 
not essential, as the regulation of an alternator can be 
readily carried out by means of a well-designed exciter 
field rheostat, with an exciter designed suitably for the 
lower voltages required for synchronizing the alternator. 
The use of a main field regulator also involves carrying 
the leads away from the alternator and introduces appa¬ 
ratus which is costly, and may give'^trouble and cause 
interruptions of supply. If no main field regulator is 
used, the main qpciter leads can be carried straight 
from the exciter to the slip-rings and a main field 
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ammeter of the shunt type used. It is advantageous, 
therefore, to eliminate the main field regulator and to 
desigh the exciter to be stable over a very wide range 
of voltage. 

The first-mentioned dif&culty, evidenced by the 
creepage of voltage, has been overcome by introducing 
saturation gaps in the exciter magnetic circuit, by 
suitable designs of magnet frame and, in slotted arma¬ 
tures, by working the armature teeth at a high magnetic 
density. 

So far as the author is aware, the phenomenon of the 
reversals of the alternator excitation current has not 
hitherto been explained, so that the following explana¬ 
tion may prove of interest. 

In Fig. 21, E is the exciter coupled to the main field 
winding M, its shunt field being indicated by, the 
letter S. It will be clear that if the shunt-field switch K 
is opened suddenly, the voltage generated by the exciter 
at E will rapidly coUapse, but since this voltage is 
applied across the magnet winding M, which has a 
high self-induction, the current in the circuit EM does 
not fall so quickly. Consequently, the back electro¬ 
motive force of the magnet M continues to, supply 
the circuit EM after the field circuit S is broken, , and 
the exciter voltage has dropped away, but, referring to 
Fig. 22, it will be seen tliat the polarity at the exciter 
terminals is actually reversed. With the exciter brushes 
set in the u^al position in advance of the neutral, 
the exciter armature current has a demagnetizing effect 
on the exciter*field and causes reversal of polarity; 
but if the brushes were rocked to a position behind 
the neutral, the current 1:hrough E would have a 
magnetizing effect and would tend to preserve the 
original polarity of the field. Thus tins type of insta¬ 
bility could b^ remedied by rocking the brushes back- 
\^rd. The same remedy could be equally well applied 
by putting compounding turns on the exciter field. 
These turns must be directly compoun^ng, and not 
demagnetizing turns. The reason for this is apparent, 
as when the field*circuit S is broken (see Figs. 23 and 24), 
although the polarity at the exciter terminals is reversed 
the current in the circuit EM continues to travel in the 
original direction, due to the back electromotive force 
induced- in the rotor windings, previously mentioned. 
It is found that only a very few turns of compounding 
are necessary to prevent reversal. 

There is no objection to the compounding turns, 
but the rocking of the brushes backward is undesirable, 
since* it is likely to cause sparking when the exciter is 
heavily loaded. 

A similar exciter reversal has been repeatedly pro¬ 
duced •by the careless manipulation of the exdter field 
rheostat in power station operation. Consider the 
machine to be running preparatory to synchronizing. 
Too much of the resistance in the exciter field rh^stat 
may accidentally be cut out, due to the slow rise of 
the alternator voltage. Consequently, the exciter 
^uTxmt and alternator voltage rise , a good deal above 
the normal required for synchronizing. The exciter 
field resistance i« reinserted to neutralize this effect, 
and may cause the exciter voltage to coUapse^rapidly. 
Tins will have a similar effect to that occurring when 
the exciter field is entirely interrapted, and. is even 


more likelv to make the exciter field reverse its polarity 
than a complete interruption in the exciter field circuit, 
as, at the time, the back electromotive force of the 
rotor windings M predominates, the po ari 3 ^ a le 
slip-rings and exciter terminals is reversec, and, as 
the exciter field circuit is not broken, its current 
reverses also, and assists,to build up the exciter polaut 3 ^ 
in the opposite direction. Fig. 22 illustrates the con- 

ditions obtaining. . . 

Sudden changes of load and sudden short-circuits 
also cause reversals of the field polarity of the siun - 
wound exciter. Under these conditions the voltage 
induced in the main field circuit is several times tlie 
normal exciter voltage, and therefore passes an increased 
reverse current through the shunt field. The compound¬ 
ing fitted -to the exciter overcomes the difficulties 

entirely. , ,. ... 

Experience has shown tliat this explanation is tlie 
correct one, and that the remedies adopted are satis- 
factory. The author has since made oscillograph tests, 
which entirely confirm the foregoing remarks. « 


(7) Eddy Currents in Rotors. 

It has long been recognized that in thrce-pha«e 
turbo-alternators voltages are induced in the rotor, 
resulting in currents circulating in the rotor windings 
and body—^more especially near the periphery of the 
latter. These voltages are induced in normal operation 
by flux pulsations, set up by variations in the stator 
current, or by periodic changes in the reluctance of the 
magnetic circuit. The resulting eddy currents increase 
the temperature of the alternator, lower its efficiency, 
and also, as is now known, may reach a magnitude 
sufdcient to heat the metals to such a high temperature 
as to affect their mechanical properties. 

- The first indication of serious overheating was found 
several years ago when, in an alternator with a barrel 
rotor having a comparatively small air-gap between 
the stator and rotor, the coil-securing keys at the 
lagging edge of each pole were found to have been 
unduly hot. The heating w’as traced to the ffux pulsa¬ 
tions caused by the large ratio of width of stator tooth 
to length of air-gap; it was more pronounced at the 
lagging edge of the pole, as the ffux of an alternator 
on ordinary loads is distorted by the armature ampere- 
turns in this direction, reaching a high density, with 
consequently increased local heating. Another diffi¬ 
culty is arcing. It is only comparatively recently that 
the voltages induced in the rotor body have reached 
such a value as to set up arcing. Signs of arcing wdte 
traced between adjacent sections of keys securing the 
winding coils in the slots, and between the spacer 
pieces fitted in the radial ventilating ducts on the 
plate type of rotor. The arcing was eliminated by the 
use of metal bonding-strips fitted under -file keys, 
the centrifugal force of the coils forcing the bonding- 
strips into intimate contact with tlie keys. 

. Three years ago, during the annual overhaul of a 
large turbo-altemator, small cracks were found on the 
lips of the rotor caps where they wqre spigoted into 
the rotor body. This defect was found after two years’ 
I continuous operation. 
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A microscopic examination of Uie cap material 
indicated the presence of small amounts of slag, which, 
however, in themselves, were insufScient to cause the 
fractures. The fault developed on a water-cooled rotor. 
At the" time it was suggested that, the body having 
been coole^ to a greater extent than the cap, the radial 
clearances allowed in the standard construction of rotor 
without water-cooling were too small, and thus h^avy 



stresses had been produced in the spigot of the cap. 
The clearance was therefore increased. After the 
machine had been used for a further 12 months, the 
rotor w^as again removed for inspection, and it was 
found that tlie flaws had again appeared, on tiiis 
occasion distinct signs of arcing on the cap spigot being 
apparent. The cap material was pitted and bore traces 



Fig. 2e. 


of local heating; it had become locahy brittle, and 
the small cracks had consequently developed. After 
careful investigation it seemed clear that the eddy 
currents induced in the rotor daring normal operation 
were insufficient to cause the . arcing, but that very 
heavy currents might have been induced , by sudden 
short-circuits on the alternator. 



At the time tliis question came up for discussion, a 
.7 500-kVA, 6 600-volt, 3 000-r.p.mL three-phase alter¬ 
nator was being subjected to special sudden short- 
circuit and field-breaking tests at the Heaton works. 
It was decided to remove the rotor end caps, and tp 
make a careful examinatiiin after the tests had been 
completed. Th^ resuif was very convincing. 

• It was- found that- arcing had taken, jilace- between 
the caps and the rotor body in much the same.way ais 
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Table 3. 

Rotor Circuit-breaking Tests, 


stator 

pressure. 

Compound 

winding 

Rotor pressure 

Time to zero 

Rotor current 

Remarks ’ 

At start 

Time to z^o 

At start 

Maximum 

volts 

6 000 

5 000 

5 000 

6 000 

6 600 

6 600 

6 600 

6 600 

In 

In 

Out 

Out 

In. , 

In 

Out 

Out 

volts 

23*5 

23*5 

23- 5 

24- 0 

37-5 

37*0 

37*5 

36*5 

volts 

(Off film) 

— 245 
(Off film) 

— 288 

— 284 

(Off film) 
.(Off film) 

seconds 

>1-9 

>1-6 

>1-5 

>1-6 

>1-4 
. >1-7 
>1-25 
>1-7 

amperes 

66 

66 

64*5 

67*5 

100-5 

99 

105-5 

100-5 

second 

0-032 

0-004 

0-050 

0-060 

0-130 

0-047 

0-052 

0-065 

Little arcing 

No arcing— clean break 
Little arcing 

Little arcing 

Considerable arcing 

Little arcing 

Little arcing 

Little arcing 


1 ' 



Table 4. 

BOOO-kW Alternator. Exciter Field-breaking Tests. 


stator 

pressure 

Compound 

winding 

Rotor pressure 

Time to 

Rotor current 

Time to end 
of film 

At start 

End of film 

1 , ^zero 

At start 

End of film 


volts 

5 000 

6 000 

Out 

In 

volts 

24 

24 

volts 
- 8-0 
+ 2-8 

second 

0*075 

amperes 

66*6 

66*0 

amperes 

53*5 ’ 

52*5 

seconds 

0*54 

1*05 

0600 

6 600 

«_—--- 

Out 

In 

36 

37 

- 5*0 

0 

0*11 

0*16 

99 

99 

66 

69 

1*0 

0*9 


Table 5. 


6 000-ftW' Alternator, Short-circuU Tests. Voltage between Oil-thrower Rings on Rotor Shaft. 


Stator pressure before 

S.C. 


Peak pressure across shaft 
before s.c. 


First peak pressure across 
shaft after s.c. 


volts 
2 000 
3 300 
3 300 
6 000 

5 000 

6 600 
6 600 


volts 

0-27 

0-39 

0^40 

1-23 

116 

0-82 

0-68 


volts 

10-6 

13*4 

15*5 

26*2 

26*2 

22*6 

22-6 


had occurred in the water-cooled alternator. The 
principal .arcing had occurred between the faucet on 
•the rotor body and the cap spigot, also, to a smaller 
extent, between the rotor keys and the cap spigot. 
This was ascribed to—and later proved to be due to 
"the fact that, in the rotor unde* test, the keys, were 
partially insulated from tlie caps by varnish.* If. 
clear that comparatively high voltages were induced 


in the rotor windings and body by the valuations in 
the value of the alternator main flux caused by:— 

[а) The variation of currents in the. stator when the 

stator windings were short-circuited. 

(б) The interruption of the Si.eld current effected by 

a quick-break switch without a discharge 
resistance. 
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The remedy may be applied to the rotor in two ways : 

(i) By short-circuiting, i.e. bonding the caps into 

contact with the rotor body, or by providing 
^special short-circuiting rings at the end of the 
body. 

(ii) By •insulating the cap from the body so that 

currents will not stray into them. 


was going through the shops at the time and all the 
tests were repeated, with the^ bonding-strips extended 
from the rotor body to the end-caps. 

After a number of tests on this second macliine, the 
rotor end caps were removed and the bonding-strips 
examined. A number of the strips were found to have 
fused at the points where the caps join the body, proving 
that heavy currents had been passing between ^the 



Fig. 28.—Rotor pressure and current under short-circuit conditions. 
(a) Compounding out. (6) Compounding in. 




Fig. 29.—^Exciter pressure and field current under short-circuit conditions. 
{a) Compounding out. (ft) Compounding in. 


The latter remedy is the less satisfactory, and, 
moreover, more dif&cult to accomplish without radical 
departure from the best mechanical construction of the 
rotor. The first remedy was therefore adopted, and 
effected in a simple way by extending the bonding- 
strips abbve-mentioned from under the rotor keys to 
the caps. The modification was made on the 7 500^ 
kVA alternator which had already been tested, but,’ as 
this plant was urgently required for sliipment abroad 
and had already been ^considerably delayed owing to 
the earlier extended tests, it was not again placed on 
the test bed. Fortunately, an exactly similar machine 


body and the <iap; the caps and roK:or body showed 
no marking. 

Bonding-strips of larger cross-sectional area were 
then fitted, and the stator again subjected to severe 
short-circuit and field-breaking tests. After the removal 
of the caps, the bonding-strips were found to be intact, 
and neither caps nor rotor body showed any signs of 
arcing or local heating. 

It is interesting to record that the two machines 
satisfactorily withstood more than lOO dead short- 
circuits during these Investigations, some of which were 
made at 26 per cent above normal voltage. 
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The tests proved conclusively that, with suitable on page 453, the metal of the end-cap where cracked 
design, the eddy currents induced in a rotor during the did not break away, and the reason for this will be clear 
worst ^conditions of short-circuit and of field-breaking from Fig. 26, which illustrates the standard construc- 
can be readily carried by the rotor body, by the keys tion adopted by Messrs. Parsons. The small pieces of 
securing the exciting windings in position, and by the metal which might have been broken off by the ^entri- 
end-caps which support the ends of the exciting windings fugal stresses were held by the overhanging lip or 
projecting,beyond the rotor body. faucet B of the rotor bpdy. The fractures occurred 

Difficulty is experienced, however, in transmitting 1 at A. 



Fig. 30.— Rotor pressure and current on interruption of rotor circuit. 

{a) Compounding out. (6) Compounding in. 




Fig. 31.—Rotor pressure and current on interruption of exciter field circuit. 

(a) Compounding out. (&) Compounding in. 


these currents between the cap and the body unless 
bonding-strips of large cross-sectional^ area are used. 
Such thick bonding-strips are objectionable as they 
occupy a great deal of space which would be more 
effectively filled by the exciting windings. A bonding- 
strip was therefore designed, having a locally increased 
cross-sectional area to fill the clearance space between 
the cap and the body as illustrated in Fig, 26, the caps 
and keys being shaped, if necessary, to take the addi¬ 
tional copper area. 

Referring again to the large alternator mentioned 


The author has knowledge of certain rotors designed 
with the caps spigoted over the rotor body, where, in 
addition to other damage, pieces from the cap, each 
weighing approximately 2 oz., had broken away and 
caused damage to the alternators, necessitating their 
bsiing rebuilt. At the time, various explanations were 
put forward as to the cause of the failures, but the 
ahthor suggests that they may have been due to eddy 
currents. This is rather cohfiiTjaed by considerations 
referred to later in the paper. 

The rotors in question were spigoted as shown in 
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Fig. 27, a method which is perhaps more frequently 
adopted, -both in England and on^ the Continent, than 
'that illustrated in Fig. 26, which, however, the author 
considers to be the best practice. 

(8) Oscillograph Tests. 

Amongst the oscillograph# tests' on the 7 500-kVA, 
3 000-r.p.m. alternator, the following records were -made 
to obtain exact data of the instability of exciters, and 
of the voltages induced in the rotor:— 

(a) Rotor voltage and current, exciter volts and 
exciter field current, with the stator windings 
suddenly short-circuited (see Figs. 2S (a) and (&), 
and 29 (a) and (b)). 

(&) Rotor voltage and current with the main field 
circuit opened by means of a quick-break 
knife switch, without discharge resistance (see 
Fig. 30 (a) and (6)). 

(c) Rotor voltage and current with the exciter field 

circuit broken by means of a quick-break knife 
switch (see Fig. 31 (^») and (&)}. 

(d) The change in voltage induced in the rotor shaft 

with the stator windings suddenly short-cir¬ 
cuited. The oscillograph strip was connected 
to an oil-thrower ring at each end of the rotor 
shaft (see Fig. 32)), 



Fig. 32.—Pressure across rotor body at short-circuit. 


The above tests were made with and without the 
exciter compounding turns in circuit. 

Tables 2, 3, 4 and 5 give a short summary of the 
above and other tests, from which it will be seen that 
the voltages induced in the rotor windings on breaking 
the rotor circuit are very much more severe than those 
which occur on suddenly short-circuiting the stator 
windings. 

It is impossible to give here complete records of the 
whole series of tests, but from them it was made very 
clear that suitably designed compounding turns fitted 
to the exciter poles are effective in preventing a reversal 
of the exciter magnet polarity when the alternator is 
suddenly short-circuited. This is also true when the 
rotor niain field circuit is broken, when sudden variations 


are made in the exciter fiel^ circuit, or when sudden 
load variations on the alternator occur, as described 
earlier in the paper. 

The author has been repeatedly requested by 
engineers to express an opinion upon the use of the 
quick-break field switch without discharge resistance 
in the main field circuit. In their view sugh a switch 
is essential in an emergency, in order to reduce^ the 
alternator voltage to a minimum with the least possible 
delay. In order therefore to obtain complete informa¬ 
tion upon this question, a series of tests were made to 
ascertain the conditions in the alternator when this 
switch is opened. 

The voltages induced in the rotor windings and rotor 
body when the stator was suddenly short-circuited 
were 68*8 volts and-26*2 volts respectively. From 
comparison with tests (a) and (&) above-mentioned, 
it is reasonable to assume that the voltages induced in 
the shaft would be even higher than the latter figure 
under similar conditions on breaking the field by means 
of a .quick-break switch. With this large potential 
difference between the shaft ends, it is obvious that 
heavy circulating currents must flow through the keys, 
shaft, and rotor caps. 

As a result of these tests, it will be clear that, although 
every precaution may be taken in the design of alter¬ 
nators, heavy currents will circulate through the rotor 
on breaking the field circuit by means of a quick-break 
switch without discharge resistance. In the author’s 
opinion it is inadvisable to subject therrotor repeatedly 
to these currents. It is recommended that the quick- 
break switch should be installed, but should be made 
to operate in emergency only, and should not be operated 
when tripping the alternators by hand from the busbars 
during normal operation. There will be no difficulty 
in arranging for this, and means can also be provided 
for testing the switch when the altemator^has had its 
voltage reduced to a low value, or when it is unexcited. 

In a paper such as this, it is possible to glance at 
only a few of the deductions made*' from experience 
and tests. It will be appreciated that although a great 
deal of work has been done to obtain more exact know¬ 
ledge of what is really taking place Ik the operation 
of turbo-alternators, there is yet ample scope for 
research and greater improvements. 

In conclusion, the author would express his thanks 
to Sir Charles Parsons, K.C.B., F.R.S., for his kindness 
in giving permission to publish the information con¬ 
tained in this paper, and to his colleagues on thfe staff 
of Messrs. C. A. Parsons & Co., Limited, Heaton Works, 
Newcastle-upon-Tyne, for their kindly criticism ^of the 
paper during its preparation. 


Discussion before The Institution, 15 February, 1923. 


Dr. S. P. Smith : One of the first things that stril^s 
the attention of a designer on reading the paper is a 
statement on page 441 where the author pays tribute 
to the courage and initiative of consulting engineers 
who have encouraged his firm to put in a novel type 
.of plant which resulted in a much larger increase of 
output. There is nothing more helpful to designers 


than to have such encouragement from consulting 
engineers- When a consulting engineer states that no 
tender will l^e considered unless, the tenderer can show 
plants of a similar or larger size aliffeady working, the 
design^ becomes ^exy discouraged. The first point 
about which I wish to speak is in regard to ventilatron. 
Designers of turbo-alternators appreciate that they have 
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here a machine through ^hich it is possible to pass 
only a certain amount of cooling air. A more skilful 
designer may get perhaps 5 or 10 per cent more air 
through the air channels than a less skilful designer 
could, but the amount is strictly limited. Success in 
these large machines. entails limitation of the losses. 
The author^hows several ways in which this can be done, 
including a very ingenious and useful arrangement for 
reducing to a minimum the stator copper losses. I 
should be glad if he would indicate in his reply by what 
percentage the losses in the cable described with alterna^ 
ting current at 50 periods dijBfer from those with an 
equivalent direct current. There is a point which manu- 
.facturers often overlook in the construction of large 
turbo-alternators. The weakness with the large turbo¬ 
alternator seems to lie at the present day more in the 
stator than in the rotor; and I do not think that 
sufficient attention has been paid to the elimination 
of hot spots in the machine. Though we try to get 
the factor of safety as high as possible, I think that if 
more care were taken in the consf^ction of the stator 
core many breakdowns might be prevented. It is 
impossible to handle the laminations too carefully. If 
the shops take proper care in constructing the stator 
core, the iron losses in a turbo-alternator can be kept 
within 1 per cent of the output; otherwise they may 
well become 2 per cent. Large iron losses affect not 
merely coal consumption, that is, running cost, but 
also temperature guarantees and the life of the machme. 
Now that we ush high-resistance silicon steel, we have 
to remember that the tools will not last so long as they 
did with the softer steel th^ was used years ago. It 
is absolutely necessary, therefore, to remove all rough 
edges found both the slots and the segments and to 
build a very rigid core. The author prefers to use a 
lopg core and ^mall bore, but I think that if a larger 
diameter ariti shorter core were adopted, he might not 
find it necessary to use some of the special cooling 
devices mentioned. With regard to the rotor, it is 
known that wh& there is a hole in the centre the 
stresses are twice what they are when there is no hole. 
.Is it worth while having a hole through the centre of 
the rotor in order to test the material and thereby get 
double the stresses ? I think it is, but a test piece from 
the whole length of the rotor should be taken by cutting 
an annular ring. It is then possible to examine very 
carefully not only what the inside of the hole is like, 
but also the mechanical properties of the test piece. 
One frm has used aluminium instead of copper for 
the rotor winding. I doubt if a small diameter 
rotor would be so suitable for that purpose. Although 
the conductivity of aluminium is only 60 per cent of 
that of copper, the problem of the rotor end-covers 
.becomes much simpler. In connection with the shape 
of the pressure wave, the author shows that it is 
possible to get a very smooth curve both between 
phase and neutra.1 and between phases. Designers 
^have long known that turbo-alternators present the 
best means of obtaining a practically pure sinusoidal 
voltage wave. There is, however, one danger which 
•should be borne in mind. Though the tooth ripple 
m^y he too small to be seen in an ordinary oscffiogra^, 
there is a possibility of harmonics ih. the ripple which 


may cause trouble. For example, with 18 slots per 
pole-pair the principal harmonics would generally be 
the 17th and 19th. There is, however, a possibility 
that in addition there may be a 15th and a 21st harmonic, 
the danger of which is that they are multiples of three. 
The 17th and 19th, in a balanced system, have little 
effect on telephone wires ^a reasonable distance away, 
because, like the fundamental, their sum is zero at 
every instant; but whatever they are caused by, all 
harmonics, the orders of which are multiples of three, 
reach their maxima together; consequently when the 
neutral point is earthed the potential of the three lines 
is simultaneously raised and lowered with respect to 
earth, and currents can flow to and from earth at these 
frequencies. Therefore, where possible, the slots and 
winding should be arranged so as to avoid all trace of 
slot ripple and of harmonics, the orders of which are 
multiples of three. The means available for this are 
well known to designers. 

Mr. W. M. Selvey : I propose to consider a few points 
in the author’s subject, mainly from the point of view 
of operation. First I should like to. suggest one or two 
details for the author’s consideration. In Mr. A. B. 
Field’s paper* which was read in 1915, this question of 
output was reviewed, and the question was then looked* 
at from the point of view of kVA x (speed)2. Might 
not that be a better way of viewing the subject ? ^ A 
comparison of that paper with the one under discussion 
shows what an enormous advance has been made. 
There are one or two details to which I wish to refer, 
the first being the laminated cable. This was quite a 
vexed question some years ago. The result of splitting 
up the formerly stiff conductors was always breakages 
of mica at the edge of the slot when a short-circuit 
occurred. Probably the major improvement that has 
been introduced (since the benefits of laminated con¬ 
ductors were then well understood) is the flexible mica 
insulation, which is very modestly announced in the 
paper. The difficulty in connection with insulation is 
the expulsion of the air. For insulation one requires 
something which will conduct heat but will not conduct 
electricity. That in itseH seems a sort of contradiction 
in terms. Air, however, which is an extremely bad 
conductor of heat for various reasons, becomes at 
times a good conductor of electricity. -I should like 
to hear whether there are any possible developments 
in this direction by the use of the newer types of insula¬ 
tion which are being made, I think, from solidified 
colloids. It seems as though some of these new typ^ 
of insulation may entirely replace mica. The dielectric 
strength is quite good and they certainly have a more 
mechanical nature. Curiously enough, the difficulties 
in operation arising to-day are generally due to current. 
Anything which decreases current, whether in a cable 
or machine, is of assistance. I am surprised that more 
use has not been made of the information given by Mr. 
Welboum in connection with his visit to Italy, with 
regard to the very successful alternators which have 
been running for four or fitve years generating current at 
80 000 volts. That increase of pressure will, of ^urse, 
very greatly -the amount of copper used. 

* *‘^Some IHfficiilties of Design of Higla-speed Generators, 
Jfh^rnal l,E.E.r 1915» vd. 54, p, 65. 
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On page 44=7 there is another small point requiring 
elucidation with regard to the two power stations a 
mile apart. A discussion is wanted on that subject; 
it is a question of distance and earth resistance. How 
far apart are linked power stations to be put before 
one musj: earth both ? I have that actual problem 
before me at the present time. There must be some 
limiting distance. If one goes far enough the earth 
resistance will be high. I suggest that the solution in 
some cases may be the earthing of one station through 
a limiting resistance and arranging an automatic 
switch so that any rise in pressure at that station 
which shows that it has become disconnected from the 
other station, shall cause any limiting resistance to be 
short-circuited. It is news to me that circulating 
current, which is wattless, influences the ordinary 
inductidn type of meter. One can quite understand 
an ammeter giving a higher reading, but this case is 
stated a» a definite transference of load,"' and I 
cannot understand the ordinary integrating meters in 
, the power station showing transference of load due to 
cireulating currents. On page 449 there is the statement: 

In this type of filter (wet-air) it is possible not only 
to clean the air, but also to lower below that of the 
surrounding atmosphere the temperature of the air 
entering the machine.” That is only possible when 
the air is being drawn from the engine room and the 
water is at the temperature of the outside air; but is 
this generally the case ? It is quite a number of years 
since it was considered good practice to draw air from 
inside the, engine room, because that air is generally 
laden with oil vapour. The latter caused serious 
trouble anc^the breakdown of a very large machine in 
the North due to accumulation of oily mud on the 
windings. I have made many experiments on the sub¬ 
ject, and I have been unable to find any appreciable 
air-cooling or humidity effect when the air and water 
are at about the same temperature. It is very difficult 
to obtain any increase of humidity by simply forcing 
the air through a spray. If humidified air is required, 
steam must be added to it. I think, therefore, that 
the statement made by the author ought to be further 
investigated. I have made a large number of experi¬ 
ments on the carrying-over of water, and I probably 
obtained hints from the author’s work. In an air- 
filter with which I experimented, I could alter the 
quantity of air over a large range. By means of winding 
a coil of ordinary double cotton-covered wire on a 
conductor, placing it in the filter outlets and then 
noting the insulation resistance, it was perfectly easy to 
s'ee if. and when water came over from the filter. The 
author has not mentioned the very interesting fact 
that jn these large machines with long rotors and 
parallel ducts the pressure necessary to force the air 
through the alternator has been much increased. In 
the early days it was something under I inch head of 
water. Then it increased to 3 inches and 6 inch^, 
and I have been informed that in some cases it may be 
increased to 15 inches, so that its provision becomes*a 
serion^-rmatter. Froni that point of view, I am entirely 
in agreen5jLent with the auldior that it is necessary to 
pay attention to the efficiency of pumping the air, 
aqd that it can qnly properly be done by an exteriftil 


fan. As regards the water Qooling and the deductions 
made from it as to heat losses in the rotor, I feel that 
only a small proportion of the heat from a rotor coil 
can be removed by a tube immediately underneath it, 
and a good deal of the heat must in any case be dissi¬ 
pated from the surface of the rotor. Although the author 
is guarded in his remarks, he commits himself to certain 
figures. In any case it must be remembered, that the 
chief heat resistance is in the mica windings, and the 
fact that the bottom of the slot is cool is no guarantee 
whatever as to the copper temperature. It seems that 
there is something rather doubtful in the conclusion 
at which the author has arrived with regard to the 
field-suppression switch. Must we suppress the field for 
the purpose of limiting the voltage on short-circuit, 
and thereby injure the rotor ? It seems to me unsound 
to have an emergency switch which must not be used 
on ordinary occasions, because its use will produce 
damage. If therejbds anything in the apparatus or 
plant which can be damaged at the will of the operator 
it should be altered. 

Mr. G. W. Partridge : I should like to know the 
author’s opinion regarding the limit of pressure on such 
a machine as he describes, running at 3 000 r.p.m. with 
an output of 25 000 kVA, which is referred to in 
Table 1. Of what class of metal are the rotor caps men¬ 
tioned at the foot of page 442 made ? In many respects 
most of the troubles enumerated by th6 author are of 
long standing and have been overcome by contractors in 
the present-day design of such machines. The company 
with which I am associated has supplied single-phase 
current to the Brighton ifailway for the past 14 or 15* 
years, and many of the troubles to which the^_ author 
has referred, particularly those connected with the 
rotors, were experienced by my convpany, but the 
difficulties have been overcome by the designers of *he 
generators. I think the author will agree that a single¬ 
phase supply to a railway, accompanied as it is by a 
great number of direct short-circuits^ is a very severe 
test for any a.c. machine. It might be desirable in the 
future to subject a.c. generators to a test of a limited 
amount of single-phase current with the object of decid¬ 
ing whether the rotor defects referred fo in the paper 
actually take place. In the design of stator illustrated,, 
which shows straight conductors in use, twice the^ 
number of joints would have to be made in such stators 
as compared with straight conductors with the bent 
ends used by other contractors. With regard to the- 
circular laminations, I should have thought that rect¬ 
angular bars, made up in a certain way to be practically- 
free from eddy currents, would have been a very much 
stronger proposition. Referring to the stator inlFig. 11, 
it seems that the overhang of the coils is excessive and 
would certainly be reduced if the design of straight bar 
with the bent end were used. Another important point 
in connection with Fig. 11 is that the coils are not sup¬ 
ported where'they leave the slots. This is, I think, 
very important. With regard to the tunnel formation.* 
of winding, this is- really a reversion to g,n old system 
and seems to possess certain disadvahtages. First, the- 
large njimber of joiflts to which I have already referred, 
and secondly, the di|&culty of getting a good fit between 
i these bars and thelabator so as to overcome the difficulty 



AND THEIR SOLUTION : DISCUSSION. 


461 


of the air space round the c«il, which would in turn cause ! 
a brush discharge difficult of elimination and likely to i 
give tfbiible. In the construction shown the bars would 
have to be driven in from one end of the stator. Another 
point is that if any short-circuit or welding took place 
between the copper and the iron it would be absolutely 
iinpQSsiblc'^o get at the coils or even to examine them 
without dismantling the whole stator. I entirely agree 
with the author that it is a very difficult matter to 
design a machine and make ample allowance for expan¬ 
sion of the copper in both the rotor and in the stator, 
in fact, in a modern high-speed machine it is more 
difficult to keep the copper inside the insulation than 
it is to keep the current. In Fig. 11 there appear 
to be no through bolts for holding the stator iron. 
From my experience it is necessary that such bolts must 
be used if the core is to be held rigidly. Of course 
the nearer the through bolt is to the flux the more rigid 
the stator can be held, from a mechanical point of view. 
On the other hand, the nearer the through bolt is to the 
11 ux the greater the trouble due to eddy currents, from 
an electrical point of view. We have machines with 
such through bolts of non-magnetic material insulated 
by mica from the core plates, and these have been 
running quite satisfactorily as either single-phase or 
three-phase generators for about 8 to 10 years. The 
separate motor fans shown by the author are, I think, 
another weak fink in the generator system. There are 
enough weak links already, as we know to our cost; 
and as the fan will probably be running at the same 
speed as the generator, i.e. ^3 000 r.p.m., I cannot see 
much advantage in having a separate fan. I am in 
agreem^^nt with the author that the closed air system 
is preferable for large machines. I should like to ask 
him if he has ever considered two-part stators, in which 
thij joint mmht be at right angles to the path of the 
magnetic Ilux. It seems that such a machine would 
po.ssess some advantages, particularly when, owing 
to the high speed, such machines are of great length. 
Eddy currents in the rotor are an old trouble, particularly 
in single-phase work. Even in three-phase work one 
often meets with it when a short-circuit occurs between 
any two phases’ On more than one occasion I have seen 
rotors of three-phase generators broken down 
this cause. The provision of bonding s^ips fitted 
under the rotor keys has been more or less in use for a 
great number of years. In such a construction it is, 
of course, necessary to allow ample room for e^pansiom 
As regards the general design of rotors for these ffigh 
speeds, it seems to me that the 
studied the design of the stators 

of the rotors. In the old days when four-pole and six- 

pole machines were in use the rotors 

wrong, and it was nearly always the stator which d 

veloped the fault. The following precautions should be 

taken in the design of these high-speed rotors , (1) The 

movement of the field coils should be limited ^ 

possible and every precaution taken to 

to the insulation caused by movement either W 

centrifugal force or expansion; (2) any bonding strips 

or short-circuiting rings “ S 

^vtnanqion ' atid (S) the insulatingiJ)locks holding the 


shrink or warp due to heating. With regard to the 
author’s remarks on page 453 as to the reversals of field 
polarity in exciters when the generator is short-circuited, 
about 9 years ago I showed the effects of a large number 
of short-circuits on alternators. These effects .were: 
(1) The excitation voltage was reversed; (2)^the field 
current was increased about 2^ times ; (3) the presence 
of alternating current in the field ; (4) this alternating 
current was of twice the periodicity of the main current. 
Very little trouble has been experienced due to exciter 
instability, probably because special care was taken 
to saturate the pole shoes at low excitation, thereby 
giving to the exciter characteristic the proper shape and 
curvature. 

• Dr. W. M. Thornton : One of the most interesting 
things in the paper is the w’^ave-form of the 18 750-k\'A 
generator (see Figs. 12 and 13). Those who hav® bad 
experience in taking wave-forms over a wide raLnge of 
machines know how difficult it is to obtain and maintain 
a sine wave on load. These are the best I have seen for 
a large machine. The problem most prominent at the 
present time before those responsible for large uBits 
is how best to kill the rotor field after a short-circuit, 



or for anv other purpose. An important paper by 
Mr. R. E. Doherty on “ Exciter Instability ” appeared 
in the Journal of the American Institute of Electrical 
Engineers (1922, vol. 41, p. 731). The best remedy so 
far is to compound the exciter, and the , 

Figs. 28 to 31 show how useful this is. There is a furthw 
remedy which does not appear to have been tn^, 
that is, to use a small bufier resistance in series beti^w 
the rotor field and exciter. The object of t^ is to pre¬ 
vent the voltage induced in the rotor circuit by tbe stator 
ampere-turns from reaching the exciter terminals and 
so reversing its field. If the exciter pressure is, say, -o 
volts and fhe rotor current 65 amperes, the 
of the circuit is 0-38 ohm. On short-circuit the roto 
current rises to a mean value of 300 amperes with the 
compounding turns in circuit. The ro or . ^ 

iJierefore (300x0-38) ~ 25 = 89, it the ®xciter temi 1 
voltage does not rise. If now a resistance ot 
=*=0-29 ohm had been in circuit, aU the 
voltage would have been absoTrbe^ m tha . exciter 

have been no undue rise of ®^o5d 

and no tendency to reversal. Such a ^^ta , 
iftean that the normal voltage of the exciter won 
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to be 65 ( 0 * 29+ 0*38) = 43* 5 for the same rotor current. when used .in conjunction ^with an air cooler, may 

There 'would be a constant additional loss of 0*29x65^ be compared with Figs. 16 and 18 in the paper. In 

= 1 220 watts if the resistance has to be kept permanently machines of this character, auxiliary fans are necessary, 

in circuit. Whether this is worth losing is a question for Fig. C shows that the hot air from the machine is 

the srwppiy company and not the designer. The author conducted through ducts in the foundations to the ex- 

discusses the effect of breaking the exciter field instead ternal fan, which, because of its inefficiency, adds further 

of the rotor circuit, but theje is no need to break it. heat to it. The cooler is placed between tie fan and 

An old arrangement would seem to be suitable here the air opening to the turbo-alternator, so that the 

(see Fig. A). If the exciter field is connected not to the air enters the alternator at a temperature as low as is 

terminals directly but to a change-over switch, all that consistent with the temperature of the water in the 
is necessary to kill the rotor field is to short-circuit the cooler. A feature in which development has been 
exciter field by throwing the switch over from a to b. divergent from that of the author is in regard to the 

The field then dies down in about 0*07 to 0*10 second. form of the stator windings. The type soinetimes 

The non-inductive resistance then provides an altema- described as the two-layer basket form of winding has 

tive path to the armature and lessens the vicious momen- been developed and used continuously since the building 

tary sparking which occurs at the commutator. In of turbo-alternators was commenced many years ago. 

fhig case, however, compounding turns on the exciter It is felt that in this type of winding, diagrammatically 

would prolong the effect. I should like to emphasize 
the great improvement that has been made of late years 
in the mode of bringing out the end connections on the 
^stator so that a machine of the largest size can be 
shicyt-circuited without any ill effects. I recently had 
occasion to take part in the preliminary tests on the 
short-circuit behaviour of a 6 000 kVA Parsons genera¬ 
tor. We made nearly 100 dead short-circuits at all 
excitations with the sole effect of clearing the machine 
of dust. This led me to make the suggestion in the 
discussion on Mr. Kuyser^s paper that the best way 
to free modern generators from dust in the ventilation 
ducts is to short-circuit the machine deliberately at 
reduced excitation. Instructions might be given to 
short-circuit each machine on some Saturday once a 
month, say JTo. 1 machine at 12.30 when the load comes 
off. No. 2 at 12.45, and so on. I think that the time is 
not far off when this will be a serious proposition at 
any excitation. It could be safely done with any recent 
Parsons machine of the same construction, and the 
author's 100 short-circuit tests on two 7 600 kVA 
machines show that the machine on which we experi¬ 
mented was not at all unusual. ^ 

Mr. H. W. Taylor : In regard to machines made by 
the firm with which I am associated, developments 
have been in some cases almost parallel with, and 
in other directions divergent from, those of the author. 

Almost parallel development has resulted from our indicated in Fig. C, the shape and position of the end 

both adopting an ideal of using the best materials, coils are such that no appreciable stresses are produced 

but at as low a stress as possible. This has led at during short-circuits, with the result that these windings 

higher speeds to machines with relatively small diameters require a minimum amount of supports and clamps. In 

and long lengths. This again has given rise to problems regard to switching on the rotor circiiit, the following 

of ventilation; on rotors water cooling has been tried points seem to me briefly to sum up the situation : 

and in stators radial ventilation in compartments has (1) If the rotor field circuit is opened while the machine 

been adopted. The arrangement for water cooling has, is under normal operation, there is undoubtedly a, 

however, been slightly different from that shown in high voltage-rise in the windings, (2) Normal service 

Fig. 19;! Fig. B shows how passages have been pro- does not require the rotor circuit to be thus suddenly 

vided by small holes drilled some little distance below opened, and can be met by withdrawing the source 

the winding slots.. In the long rotor in which this of supply in other ways. (3) When the stator windings 

scheme was tried the holes were drilled with no difficulty axe short-circuited, it is possible to open the field circuit 

by a firm of experienced gun makers. This construe- suddenly without an increase , in voltage in the retold 

tion admits the use of the deepest possible slot contain- windings, because the short-circuited stator windings 

.ing the/^ largest possible amount of active material, are in good mutual induction , with the rotor windings, 

the hoifes being jplaced^in the central core of the rotor (4) Under these circumstances, although the rotor 

where the stress is relatively low. Fig. C, showing current* quickly disappears, the current in the stator 

the method of ventilating a large 3 000 r.p.m. alternator winding fault is Aotj immediately suppressed, as the 
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flux of the machine is maintained until the stored energy- 
represented by it has been absorbed in the short- 
circuitdfl stator windings. The opening of the rotor 
circuit, tlierefore, does not simultaneously suppress 
the fault. (5) This being so, a scheme which wth- 
draws the source of supply from the rotor circuit 
withQut optming it would seem to meet the conditions 
for both normal and emergency operation. A switch 
wliich efiects this by short-circmting the slip-rings 
has been developed and has already been described 
•and illustrated in the Journal (1922, vol. 60, p. 773). 



can flow in the rotor are those tending to maintain the 
alternator flux, and it may be an advantage to consider 
these from the point of view of the energy available. 
If the field switch is opened without a discharge 
resistance (really an infinite discharge resistance) 
the whole of the stored energy of the magnetic field 
is dissipated as heat in „the rotor body, the amount 
of energy available in the case of a 16 000 kVA. 
3 000 r.p.m. machine being sufficient to melt about 4 or 
6 cm® of copper originally at the working tempera¬ 
ture of the machine, men using a discharge resist- 



Mr. N. B. TTill [communicated): In Section 4 the 
author suggests that there is a marked increase in 
inherent reactance to be expected from the use of 
closed stator slots. This is probably correct wMe 
consid'ering the reactance at the normal current of the 
machine, but as tlie iron bridge would become saturated 
■vrith a stator current much lower than the instantaneous 
short-circuit current of the machine, the maximum 
advantage of a closed slot over an open slot appears 
to be that represented by the extra leakap flux corre¬ 
sponding to the saturation value of tiie iron. 
or two cases that I have calculated, this lias meant that 
the increase to be looked for in the reactance on instan¬ 
taneous short-circuit due to the use of a completely 
closed slot is. only of the order of J per cent. When 
a quick-break field switch, the author antiapates 
(see Section 8) the production of* a volta^ 
shaft ends similar to that shown,-to Fig. 32. If tte 
outboard pedestal is insulated thet*eaiy currents which 


ance the energy is dissipated as heat in two 
in parallel, the rotor winding and discharge :^istance 
ffvr min g one circuit, and the rotor body, we ges an 
end ca^ the other. The energy will 
the circuits inversely as their resistance. Ito. Kuys 
gives the equivalent resistance of the rotor body circuits 
as five times that of the field winding, and I have con¬ 
firmed this figure by a different method 
If we therefore short-circuit the slip-nngs (zero ^charg 
resistance) it would appear that only one-six 
stored energy of the field would have to be dissipate 
in the rotor body circuits. Although the q^tioms . 

not so much one of total loss, 

currents, as of the local loss at the 

rotor body and wedges with the end ca^. I 

well to keep the total loss in *nifi<i. and I agree wi^ th 

SS tha? it is good policy fb use'.the quidnbreak 

. « Protective Apparatus for Turbo-Generators,” Journal 
1522, vo]. ^0^ p, 761. 
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switch without discharge resistance in cases of emergency 
only. If this switch operates only when the protective 
gear operates, and the alternator field is normally 
destroyed by opening the exciter field switch, we ensure 
the quickest possible destruction of the field under 
fault conditions without normally subjecting the rotor 
to more ^severe conditions than would be obtained by 
short-circuiting the slip-rings. 

Mr. J. H. Shaw {communicated) : On pages 449 
and 450 some useful information is given regarding the 
use of closed-circuit coolers, and the author refers to the 
pioneer installation at the Battersea Electricity Works. 

I do not think, however, that sufficient credit has been 
given to the patentee, Mr. Thompson, of the Battersea 
Electricity Works, for this achievement, and I think that 
few engineers know how successful this plant is in opera¬ 
tion. It was designed early in 1918, before the plant at 
Blaydon, and has to-day many advantages over similar 
systems with which I have compared it. Some years 
ago I inspected the plant at Battersea and was informed 
^that when planning the installation of their 5 000-kW 
alternators they could not find space for dry air-filters, 
and were not kindly disposed towards the wet type 
on account of the risk to the insulation of the machine. 
The chief engineer, together with his chief assistant, 
Mr. Thompson, set to work to devise some alternative 
system of cooling, and they conceived the idea of 
continually circulating the enclosed air, thus avoiding 
any filtering whatever, and using the condensate as 
the cooling medium, thus eliminating any necessity 
for cleaning the tubes. Several large makers of alterna¬ 
tors to whom this system was explained considered it 
was not practicable, and as the necessary data for 
designing the apparatus were not available Mr. Thompson 
constructed experimental plant for the purpose of 
ascertaining the air and water velocities, tube spacing, 
etc. The Battersea design, as regards construction, 
compactness and efficiency, has justified the trouble 
taken, and is protected by letters patent. Practically 
all the cooling is effected by the condensate, the cold 
“ make-up water only being introduced on heavy 
loads or when the vacuum is poor. The cooler has been 
in service continuously for about four years and has not 
yet had to be cleaned ; this would not have been possible 
with circulating water as the cooling medium. The 
working of the plant has not been interrupted, and the 
cooler efficiency has been maintained. Apart from this, ' 
the heat is recovered from the ventilating air, resulting 
in the condensate temperature being raised about 11 
degrees F., which amounts to nearly 1 per cent of the 
total heat in the steam. The cooler was constructed to 
the Battersea design by Messrs. Babcock and Wilcox with 
plain tubes expanded into headers, sectionalized so as 
to reduce cost of manufacture and for ease of transit 
and erection, and mounted on rollers to facilitate 
removaUif required ; it has remained perfectly water¬ 
tight since erection, thus dispelling any fears as regarc^s 
water leakage into the air space. Another good feature 
of this system which will appeal to the operating engineer 
is the provision of thermostatically-operated air doors 
which permit of the d&temator being cooled from the 
outside air should the enclosed air reach a predetermined 
temperature due to any cause other than electricAl 


faults in the machine, in which latter case these air 
doors will remain closed. In the description of other 
systems it is stated that a horn or whistle will b^ blown 
and coloured lights displayed, but it is better to do this 
work automatical!}^ and remove the human element, 
especially as one knows that when things go wrong there 
is plenty of work for the operatives to attend to, and 
one does not wish to add further noise and coloured 
lights. It is of interest to note that the five 40 000 kW 
sets at Gennevilliers are cooled on the same system as 
that used at Battersea, and with coolers of similar - 
design, and on account of its economy and efficiency 
this system is being adopted in connection with many 
other large plants. It is very pleasing to note the 
absence of noise due to the alternators being entirely 
enclosed, and the temperature of the engine room is 
more comfortable for the operatives, particularly during 
the summer time. I understand that the letters patent 
referred to cover the use of gases which will not support 
combustion and which at the same time improve the 
efficiency of the heat transmission, and I believe that 
experiments are being made with carbon-dicxide gas. 

I feel that Mr. Bond and Mr. Thompson are to be 
congratulated on their courage in designing and installing 
this cooler, and that due publicity should be given to 
their pioneer efforts. 

Mr. J. Shepherd [communicated) : The paper gives 
a clear statement of the difficulties with *Vhich designers 
have to contend, and a brief review of many different 
attempts to overcome them. All credit must be given 
to the earnest desire of manufacturers to produce 
sound and satisfactory inachines, but when all these 
efforts have been made the fact remains that turbo- 
alternators are not as satisfactory as either m^ers or 
users desire. Messrs. Parsons and Co. %re the pioneers 
of water-cooling applied direct to the bodyj^f the rotor, 
and the British Thomson-Houston Co. are now manu¬ 
facturing rotors similarly cooled. Indirect water-cooling 
of the ventilating air is becoming un^ersal. If water- 
cooling is to be accepted as necessary, the general 
design of turbo-alternators should be considered from a 
new view-point, as other inherent difficulties can then 
be solved at the same time. With air-cobling, the stator 
and rotor cores must be constructed with numerous 
air-passage ways, and these of necessity result in a weak 
structure with weakly supported stator teeth and coils. 
Let any engineer examine and consider the deplorable 
mechanical weakness of a thoroughly laminated stator 
coil as now constructed, various examples of which are 
shown in Fig. 8 of the paper. The component parts 
are held together only by the insulation surrounding 
them, and, due tD the method of stranding? there ^ust be 
slackness between the parts, with continuous vibration 
due to the alternations of current, resulting in the 
gradual .disintegration of the insulation. Further, 
all the mechanical forces from the turbine must be 
transmitted by the insulation, which must also with¬ 
stand the tremendous hammer-like blows on short- 
circuits..'The’ same remarks apply, of course, to all 
. laminated- bars. As strength cannot be obtained within 
the coil it must be applied without, and the logical solution 
is a winding slot continuous throughout the entire 
length of stator Vindings including the end connec- 
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tibns, and this positive ajid continuous support can be 
given if the water-cooling be applied directly instead 
of indlirectly. When this is done the stator structure 
can be solidly constructed with the equivalent of solid 
rotor teeth, thus eliminating the trouble which the author 
and other designers have experienced from cut and 
broken teeth. Adequately strong supports, in the shape 
of cboling devices with separate and adjustable water 
supplies to each, give a ready and definite means, which 
at present we hardly possess, of detecting local heat¬ 
ing. On the other hand, we require most positive 
assurance that we possess means of constructing the 
water-cooling devices without risk of water leakage. 
The internal water pressures in the rotors are usually 
approximately 800 lb. per sq. in. and upwards, and both 
Messrs. Parsons and the B.T.H, Co. successfully con¬ 
structed water-cooled rotors for these pressures. The 
cooling devices in the stator would be subject to internal 
water pressures under 100 lb. per sq, in., and we possess 
methods of welding and electrical deposition of metals 
which would allow any desired thickness of metal to 
be built up at the joints, the only parts which need give 
anxiety. All the present papers by turbo-alternator 
designers lay stress upon the difficulties with which 
they must contend, and to me they clearly demonstrate 
the limitations of air-cooled machines and the need 
of an entire change of design to allow mechanically 
strong machines to be constructed. The problem is by 
no means one of air-cooling versus water-cooling, but 
the ever-pressing' necessity of building robust and more 
reliable alternators. 

Mr. J. Rosen {in reply)}, I agree with Dr. Smith 
that every attention should be paid to limiting the i 
losses ifi turbo-alternators, and to improving the venti¬ 
lation. The actual additional losses due to the eddy 
currents in the helically stranded conductor are ex¬ 
tremely low7 being less than 1 per cent of the 
loss for the equivalent direct current. As far as the 
core is concerned, makers are fully aware of the pre¬ 
cautions necessaty in the building of a stator core, 
and every practicable care is taken. 

I cannot agree that short rotors with larger diameters 
and therefore higher peripheral speeds are preferable 
to long rotors running at well-tried peripheral speeds, 
as the stresses in the former are increased beyond those 
whiqh experience has proved safe. 

In the past, axial holes have been trepanned through¬ 
out the whole length of the central axis of alternator 
rotors'* for the purpose of testing the material, and in 
some machines the metal removed was weighed to 
make ,sure that no blow-hole or clink was present. 
In every rotor where such a hole is drilled, the surface 
of the bore is carefully inspected for flaws, by means of 
special optical arrangements. 

Theoretical investigation of the simplest case of 
rotational stress—^namely, in a thin, flat disc—^indicates 
that a pinhole at the centre makes the hoop stress at 
tke periphery of the hole double what it would be at 
that point if there were no hole. In practice, however, 
there is evidence that a smalLhole through the centre 
of a rotor shaft has no such extrense effect upon stress 
distribution, but modifies it to a much less extent than 
is indicated by purely theoretical •consideration. It 
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can be taken for granted that the material will yield 
to some extent and ensure that the stresses become 
more uniformly distributed, so that the final maximum 
stress (in the neighbourhood of the hole) will not be 
actually .very much greater than that in a shaft without 
the hole. In fact, in view of the difficulties which 
have recently been experienced on alternators in this 
direction, engineers are now asking for holes to be drilled 
in the centre of the high-speed shafts for the reasons 
above mentioned. I have recommended this pro¬ 
cedure for large shafts since 1914, and it has been 
adopted in Parsons alternator rotor shafts intended 
for peripheral speeds in excess of about 350 ft. per 

second. . . 4 . 

The slides shown by Dr. Smith are interesting, but 
a parallel cap for supporting the rotor windings can 
be obtained with a rotor running at a lower peripheral 
speed without having to resort to aluminium for the 
windings; in such a design there is no necessity to 
have the steep taper on the cap. The use of aluminium 
for the rotor windings has been a subject of peculiar« 
interest to designers of high-speed alternators, but^up 
to the present time its use has not proved a comrnercial 
proposition. The difficulties due to harmonics in 
the wave-form are appreciated, and, as indicated by 
the typical examples in the paper, this question has 
been thoroughly investigated. 

In reply to Mr. Selvey, the flexible insulation has 
been used now for the past 10 years with unqualified 
success, but investigations are continually going for¬ 
ward to improve this insulation and to provide an even 
better solution of the insulation problem. A description 
of the investigations into the qualities n'wcessary for 
insulation suitable for high voltages and for use in 
turbo-alternators would provide sufficient material for 
a separate paper, and could not be dealt with as 
fully as I should have liked in this paper. I have 
experienced no difficulties with the breaking of the 
mica at the edge of the slots when short-circuits occur , 
and with the design in question there is no tendency 
for the conductors to separate on a heavy short-circuit 
and burst the tube. I have dealt with the other 
questions on insulation in reply to Mr. Partridge. 

Mr. Selvey appears to be under some naisapprehension 
on the question of the cooling of the air passing through 
wet air-filters. As a rule in‘this country the air before 
entering the filter is not saturated, the humidity being 
generally in the neighbourhood of 70 per cent to 
80 per cent. After passing the air filter the humidity 
is increased to from 90 to 94 per cent, which means 
that the air in passing through the filter absorbs, 
moisture. The temperature of the remaining water 
in the filter is reduced by the partial evaporation, and, 
as the unevaporated water is recirculated, its tempera¬ 
ture would continue to diminish and is only prevented 
from doing so by the heat abstracted from the incoming 
sbreams of fresh air. For given conditions, a state of 
equilibrium is soon reached. This was, demonstrated 
repeatedly on tests carried out over a period of three 
or four years on filters situated in different parts of 
the country. In the example mentioned, the air was 
drawn from outside the engine room. 

♦With regard to high-voltage alternators, I am aware 
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of the 30 000-volt machines which in oper^on 
in Italy, but I understand that some difi&culty has been 
experienced in their operation. High voltages have 
already received consideration in this country, and 
thinir lhat if power engineers wish to have rnacmnes 
which geiaerate direct at the higher voltages, and are 
prepared to submit their proposals and to accept some 
portion of the responsibility, manufacturers would be 
prepared to undertake construction in this direction, at 
any rate in the case of machines of the largest output. 

I did not propose to deal in the paper with the question 
of earthing alternators. As Mr. Selvey states, this is a 
question for very lengthy treatment, but the example 
was given to illustrate the injurious effects of the 
harmonics in the wave-form setting up high-frequency 
currents through the star point. . +1 

With the scheme of ventilation as described in tJie 
paper, the air pressure has been reduced to 4 inches 
(water gauge), and this figure includes the drop in 
a normal length of duct and in the air cooler. 

* Mr. Selvey appears to be uncertain as to my conclu¬ 
sions on the breaking of the alternator main field. I 
should explain that it is proposed to operate the main 
field switch (without discharge resistance) in emergency 
only, that is, in case of a breakdown on the alternator 
or for any other similar reason. It is therefore opened 
only when the protective relays operate, and not when 
the main alternator switch is opened by hand. Manu¬ 
facturers are now prepared to provide the protective 
apparatus to function in this manner. There is no 
necessity to open the main field switch during the normal 
operation of the plant, while the alternator is fully 
excited ^ 

In reply to Mr. Partridge, the limit of pressure 
for alternators of which there is experience available 
in this country is 13 000 volts. Several machines 
have been in operation (some for over 12 years) with 
satisfactory results, so that with the 25 000 kVA 
machine at 3 000 r.p.m, there would be no difficulty 
in dealing with such voltages. The end caps for support¬ 
ing the rotor end-windings are made of nickel chrome 
steel, which has been in use since 1912, and its quali¬ 
ties have been gradually improved. The percentage 
of nickel is SJ, and the percentage of chromium less 
than 1. 

The sketch of the stator windings in Fig. 11 in the 
paper is simply a diagram for illustrating the type of 
joint; the packings for the support of the windings 
have been purposely left out for clearness. In the 
di^signs described, packings are provided in the windings, 
and supports are provided for the conductors where 
they leave the slots. Such windings have been subject 
to the most severe short-circuits and have withstood 
them without being disturbed. 

The multiple joint avoids the use of several parallel 
paths through the alternator where a heavy current 
has to be carried. Where two joints are used on one 
core conductor to bonnect to the end connectors, it 
would probably be necessary on other types of windin|s 
to use four or more parallel paths completely insulated 
one from the other, with a correspondingly increased 
number of joints. The round strand is preferred as 
being the most suitable construction. With round 
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wires the danger of the pifimary insulation on the 
individual wires being damaged is reduced to a mmimuin. 
With the use of rectangular strip in the 
construction of conductor, there are inherent difficulties 
which have been dealt with in earlier papers. Apar 
from the mechanical difficulties, the losses in sue 
a design of conductor, due to the unequal distribution 
of current, are not eliminated. The completely stranded 
cable described in the paper provides the complete 

solution of this difficulty. ‘ 

The windings with tunnel slots, in practice, have 
proved equally or more accessible than with open 
slots. In the design adopted with the tunnel con¬ 
struction, where a fault Has occurred it has been found 
possible to replace the windings and repair the damapd 
core without disturbing the other parts of the stator. 
No difficulty has been experienced in getting nd ol 
the air space round the conductors, and in preventing 
the brush discharge. This question has been given 
careful consideration, with most satisfactory resu s. 

Mr. J. S. Highfield made reference to these difficulties 
in a short contribution to the Electriciayi f in 1905. © 

remedies which were then suggested have been found 
to be equally applicable to present-day machines. ® 
sides of the slots are made as smooth as practicable 
and are coated with insulating varnish. Protection is 
given to the conductors, when being drawn into position, 
by special insulating liners. With the fle'kible insulation 
there are a few simple workshop precautions to be 
taken in the assembly of the conductors in the slots, 
but any one^ bar can be ^padily replaced without dis¬ 
turbing the remainder of the windings or the insulation. 
The flexible insulation, besides having advantages in 
other directions, aUows for. the necessary expansion 
and contraction, without danger oi rupture. As 
regards through bolts for holding the ^stator 
experience has proved that tight cores can be built 

without them. . u 

Mr. Partridge suggests that the stator should be 
split transversely, in order to shorten the length of 
core supported by such bolts. Presumably, 
would still be only one rotor, otherwise it would be 
equivalent to putting two alternators in tandem. The 
idea naturally arises in the mind of designers when 
having to contend with difficulties of the long machine, 
but such complication has not up to the present proved 
necessary. Mr. Partridge raises objections to the use 
of the separately driven fan. This can be readily 
fitted to an extension of an auxihary pump motor, 
an arrangement which would eliminate the necessity 
for an additional motor. Fig. D shows the fan* fitted 
on an extension of the extraction pump motor sTia.ft on 
a 12 500 kW set, running at 3 000 r.p.m. It will be 
seen that the lay-out is very simple: The speed of the 
fan, as a rule, does not exceed 760 r.p.m., and is lower 
on the larger machines. I haVe had very wide experi¬ 
ence with the use of the separate fans, and no serious 
difficulties have ^arisen on any of the plants on whicn 
they have been installed. With the separate fan there 
is an improvement of 1 per cent in the efficiency of 
the alternator, over that of the alternator fitted with 

♦ See, for instance, Jownai • 1929, vol. 58, p, 128. 

t Electridanf 1906, vol. 64, p. 673. 
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fans on the rotor. This figure allows for the power 
taken by the fan motor. 

Thib difficulties of supporting the rotor end-windings, 
those due to expansion, and the danger of side slip, 
have all been investigated. Special packings of asbestos 
cloth and, synthetic resin are now manufactured, which 
hav^ pro’^ed satisfactory for the comparatively low 
voltages at which the rotors are operated. 

Dr. Thornton's remarks are of interest. The tests 
on stability which I have given in the paper have 
extended over several years, but I have only recently 
been able to put together the results in a complete 
form. The use of a permanent resistance in the rotor 
circuit will increase the main field losses, so that it 


be made to improve the mechanical construction of 
alternators. It is a natural desire on the part of 
designers that the mechanical construction of high¬ 
speed alternators should be improved. Present-day 
design has proved itself to be a robust construction, 
and Mr. Shepherd's doubts cast upon the design of con¬ 
ductor have not proved ii practice to have any founda¬ 
tion, as the conductors after many years of operation 
have upon removal been found to be in an excellent 
state of preservation with the insulation undisturbed. 
The designs illustrated have withstood the most severe 
short-circuits, and have proved that both conductors 
and insulation will withstand " the tremendous hammer¬ 
like blows on short-circuits." I realize that the en- 



would have th5 same effect as the main field regulator, 
and is subject to the same objections. 

I am pleased that Mr. Taylor agrees with me on the 
question of the running of the rotors at comparatively 
low peripheral speed, and that his designs have in 
some directions run parallel with my own. I notice 
that in Fig. C he has now adopted my suggestion to fit 
a second motor. 

I agree with Mr. Shaw that great credit is due to 
both Mr. Bond and Mr. Thompson for the early work 
done on alternator air coolers. The cooler question 
was discussed with them, I believe, as early as 1912. 
So far as the use of inert gases in the closed circuit 
is concerned, I do not think this is necessary. It is 
a complication and I think that Mr. Shaw wiU agree, 
jSrom his experience of station plant, that it would 
be somewhat of a nuisance. 

I agree with Mr. Shepherd that every effort should 


closing of the whole of the windings in metal, concrete 
or similar material, has great attractions, but again 
Mr. Shepherd must not forget that there are many 
difficulties which prevent this being done, amongst 
which the first that occurs to me being the expansion 
trouble. I do not think that we have .been backward 
in considering the liquid cooling of alternators, as this 
problem has long been one of many subjects for research 
by manufacturers. 

Mr. Taylor's and Mr. Hill's views upon the question 
of field-brealdng on the whole confirm the conclusions 
in the paper, but the tests show that with the main 
field circuit opened suddenly by a simple (quick-break) 
switch, the alternator voltage falls more rapidly than 
under any other condition. The increase in the 
value of the alternator reactance due to the tunnel 
^ot is actually greater than the estimate given by 
Mr. Hill. 
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ROSEN : SOME PROBLEMS IN HIGH-SPEED ALTERNATORS, 


Scottish Centre, at Glasgow, 13 February, 1923 . 


Mr. C. W. Marshall: Some figures of alternator 
failures* which have occurred in Glasgow may prove 
of interest. Out of a total of 21 turbo-altemators 
installed, 16, or 76 per cent. Have failed. Considering 
machines of modern construction only, the failures 
allocated to the different firms which have suppUed 
the machines are shown in the following table. 


Firm 


A 

B 

C 


Capacity of s 
inkW 


6 000 
18 750 
6 000 
, 18 750 
6 000 
3 000 


No. of sets 


4 

3 

2 

2 

2 

1 


No. of 
failures 


1 

3 

1 

0 

2 

1 


Percentage of 
failures 


25 

100 

50 

0 

100 

100 


Only serious failures are included in the table, and 
the figures appear to indicate that alternators are very 
unreliable, but this is, of course, not the case. The 
troubles which have occurred are due to the following 
causes: (1) Inability of windings to withstand short- 
circuits on the external system; (2) slack cores due to 
flimsy end plates; (3) defective arrangement of out-gomg 
leads between alternator and cable-sealing bells; 
(4) magnetic-circuit failures; and (5) rotor-winding 
failures. The last-named have all occurred in rotors 
of the laminated type, and have not been of a very 
serious nature. I shall be glad if the author will deal 
with the following questions in his reply. Are the 
percentages of breakdowns (Fig. 2) based on the total 
number of alternators installed since 1912? On page 442 
the author emphasizes the necessity for examination 
and testing. What tests are recommended, and how 
often should they be applied? What increase m 
efficiency results from the use of tunnel slots ? Referring 
to the integral and separately driven fans mentioned 
on page 448, can the author give the quantitative 
figures ill regard to these two types ? What are the 
relative costs of the ordinary wet air-filter and closed 
systems of ventilation ? Is the quantity of oxygen 
in a closed system not sufficient to cause combustion 
of all the insulation in the machine in case of fire ? 

Mr. D. T. Powell: The author considers that it is 
advantageous to have a soft wrapping round stator 
bars instead of insulating them with a hard material, 
and I recently saw a case in which this preference seemed 
justified. Several large alternators were bufit for a 
6 600 volt supply and the engineer considered that it 
might bq an advantage to wind the machines for only 
about 2 600 volts and to put transformers in series 
with them.. In practice this did not prove a good 
arrangement because the insulation of the stator b^s 
broke down, the very contingency that he was trying 
to provide against. These stator bars were, of course, 
carrying a very" heavy current, as the machines were 
of about 8 QOO kW capacity, and naturally the copp^ 
expanded a great deal. The result was seen when 


some of the bars were taken out for examination. Not 
only bars which had broken down were removed, but 
also some which had not failed. At first sight there 
appeared to be no defect at all, but when th% bar had 
been cut into sections one could see that the mica 
inside the outer covering was entirely pulverized, 
showing the extent of the relative movement between the 
hard mica tube and the copper. This continued in the 
machine until finally the insulation broke down at 
the corners of the mica tubes. There is, I think, no 
doubt why this insulation failed. The only remedy 
suggested at the time was to rewind the stator bars 
and apply harder insulation. I am unable to state 
whether these re-insulated bars have been more satis¬ 
factory. I think that a flexible mapping would have 
been better and would have allowed the copper to 
expand without damaging the insulation. In that con¬ 
nection I would also suggest that the drying-out of 
alternators may do a considerable amount of harm, 
especially if carried out, as it is sometimes, with direct 
current. The current simply heats the winding without 
heating the core, and then relative movement between 
the copper an.d the insulation takes place and very 
probably causes permanent damage. ^Other people 
dry-out by short-circuiting an alternator and running 
it at something approaching full-load qurrent. This is 
probably a better method but may also lead to trouble, 
as the excitation is very sgiall and the heat is largely 
carried by the copper. In most cases it should be 
sufficient to run the machine unexcited for a good many 
hours and allow the windage to start the drying of 
the machine, and thereafter, if a reasonable insulation 
resistance be obtained, gradually to excite t}ie machifi’e, 
taking a considerable number of hours to bring it up 
to full voltage. 

Mr. F. H. Whysall: My own experience bears 
out the evidence given in Fig. 2, which illustrates the 
very low percentage of failures of Parsons alter¬ 
nator stators in the British Isles durii^ the past 10 
years. It appears that all the failure percentages 
given are less than 1 per cent. In the list of Parsons 
alternators (Table 1) I note that the largest size actually 
installed for a speed of 3 000 r.p.m. is 18 760 kVA, 
and it is gratifying to note that, as the author points 
out on page 441, in this country we are ahead of 
America as regards size and speed rating, although quite 
recently an argument for using units of not more than 
10 000 k"W capacity was that this size represen'|^d the 
limit for a speed of 3 000 r.p.m. On page 439 the 
author very properly gives credit to de Laval for 
developing a satisfactory form of double helical reduc¬ 
tion gearing for use with his simple impulse turbine, 
and I have seen early forms of this in collieries in South 
Yorkshire doing very heavy work through shafts n9 
thicker th a n a lead pencil. While there appe^s to be 
no real difficulty about gearing in^ connection with 
turbine drives in practice, there is no doubt that much 
trouble 4ias been experienced, in my opinion due more 
to inexperience o^ faulty workmanship of engineers 
responsible than to any other cause. There is no 
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doubt, however, that ge^tring is a complication which 
anyone would wish to avoid, if the object could be 
accomplished by other and better means. Reverting 
to the question of breakdowns in alternator stator 
windings, the author does not refer to the valuable 
help which manufacturers have received in the pre¬ 
vention of serious breakdowns by the use of extremely 
senktive and efficient modern systems of protection. 
Many faults which under previous conditions might 
have resulted in complete burn-outs, are so quickly 
dealt with that no serious damage is done, and it is 
only in an exceptional case that a fault occurs of 
such a nature as to do serious damage. I am in agree¬ 
ment with the author’s views in regard to ventilation. 
In the case of a continuous stream of fresh air it has 
been my experience that large quantities of dust accumu¬ 
late in ventilating ducts, no matter what kind of filter 
is used. I have also heard of a case where with a 
wet air-filter the supply of air was completely cut off 
owing to low-temperature conditions which caused 
the filter to freeze up and shut off the air supply entirely. 

I am glad that the author holds the opinion that the 
introduction of a main-field regulator for exciters is not 
essential, because I think that no power station engineer 
was ever in favour of the complication. The author 
makes no reference to instability of excitation due 
to the low voltage of the exciter. I refer to the possi¬ 
bility of interruption owing to defective brush contact. 

I have known the mere contact of an attendant’s oily 
finger on slip-rings or commutator to cause a serious 
interruption of the field circuit. 

Mr. A. E. McColl: I am particularly interested 
in the latter portion of the paper in which the author 
gives "^the voltages in the rotor under short-circuit 
conditions. Iji 1910 similar trouble was experienced 
mth an alternator in this district. Prof. Miles Walker’s 
paper * on' the short-circuiting of alternators pointed 
the way to a solution. The rotor end-caps when taken 
off showed sign^ of arcing and pitting on the portions 
adjacent to the core. I believe that the actual separation 
distance was about J mm. It was thought that the 
arcing was probably caused by current surges set up 
by large reciprocating-engine-driven alternators running 
in paraUel with the turbo-alternator. Tests were 
made, but the results did not indicate that such was the 
case. Ultimately, however, the cause of the trouble was 
traced to external short-circuits to which fhe alternator 
had been subjected. The obvious solution, in view 
of Prof. Miles Walker’s paper, was to bond the rotor 
end-shields rigidly to the core. The author strongly 
advocates the separately driven fan. With loxge 
turbo-alternator installations one is prepared to sacrifice 
efficiency to a small extent in order to obtain a reliable 
and secure drive for auxiliary plant. I think it prefer¬ 
able to have a direct-driven fan even at the sacrifice 
of 1 per cent in efficiency, merely in order to reduce 
the number of parts which may fail. It is most unsatis- 
^factory to have a large unit temporarily out of com¬ 
mission due .to the failure of some small auxHiary part. 
The author condemns dry-cloth filters and I am syxe 
that we are aU 'in agreement with him on tlj^s point. 
Applied to small machines they are not very satisfactory 
* Journal 1910, vol. 46, p. 296. 


and in certain locations and under certain atmospheric 
conditions a cleaning staff in constant attendaiice is 
practically necessary. In large machines the dimen¬ 
sions of a dry-cloth filter are so considerable that 
the arrangement becomes impracticable. The ^author 
condemns wet filters on the score that free moisture 
is apparently carried through. The detection and 
measuring of this free moisture is riot at all a simple 
matter and I should like the author to give some informa¬ 
tion on his method of research in this direction. Some 
time ago I had a number of tests made in order to 
arrive at a figure for the free moisture, the test procedure 
being to insert in the incoming air a search coil cali¬ 
brated for percentage humidity against insulation 
resistance. If the insulation resistance for a corre¬ 
sponding percentage humidity in the incoming air 
fell below the calibrated curve, the assumption was 
made that free moisture was present. Jt was not 
possible to say, however, to what extent moisture 
in excess of natural humidity was present. The water 
cooling of rotors is advocated, but what is its advan?? 
tage ? Rotor excitation forms a very small propo:?tion 
of the total loss and if there is any gain it appears 
to be in the quantity of air used. As this is only a 
matter of 7 to 8 per cent, the small gain obtained does 
not seem to justify the additional complications entailed 
in water cooling. It would be interesting if the author 
would give his opinion regarding the highest permissible 
voltage allowable for turbo-alternators. Mr. B. G. Lamme 
when discussing a paper before the American Institute of 
Electrical Engineers some time ago laid great stress on 
the fact that 11 000-volt alternators were successfully 
running with one phase earthed on single-phase railway 
service. This, he maintained, was equivalent to^ a 
19 000-volt three-phase alternator running with its 
neutral point solidly earthed. If the generating pressure 
can be raised to 19 000 volts three-phase, as Mr. Lamme’s 
statement seems to imply, the range of direct transmission 
can be increased without the use of transformers. Can 
the author say if such a proposition is feasible ? 

Mr. E. Seddon : The subject is of special interest 
to central station engineers, as well as to designers. 
High-speed alternators with rotors of small diameter 
entail longer cores and a correspondingly increased 
length of shaft between the alternator bearings. Such 
design calls for greater refinement in balancing the 
rotors dynamically. Up to the critical speed the rotor 
revolves about the centre of the shaft) and at higher 
speeds tends to revolve around its own centre of gravity. 
Information on methods of balancing is lacking. I have 
obtained good results by placing weights ISO*^ behind 
the mid-point of the shaft markings.^ I should like 
tbe author to express his views on this point. Until 
some genius evolves a design for moving a balance 
weight in the rotor whilst running at high speed the 
balancing of, these machines wiU remain a^laborious 
operation. The author refers to the overheating of 
end caps. I have had experience of this trouble where 
the insulation below the caps was almost totally de¬ 
stroyed, and it was found that^the only remedy was to 
make the caps a thoroughly good fit en the rotor core. 
I disagree entirely with the author in regard to ^the 
Question of separately driven fans for supplying cooling 
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air to the alternators. In my opinion we have far 
too many accessories attached to these large units. It 
is a very serious matter for a large machine to be put 
out of service owing to the failure of the fan motor 
or its wiring. I know of two cases where a turbo set had 
to be shut down owing to the failure of the fan motor. 

I think tiat most central station engineers will agree 
that it is preferable to make each unit as completely 
self-contained as possible. The author’s explanation 
of reverse polarity on exciters, and the method proposed 
for overcoming this difficulty, are of great interest. 

Mr. M. Pitt: In order to reduce excessive eddy- 
current losses in stator slot conductors the author 
advocates the use of a special standard conductor. 
While this may occasionally seem necessary, my experi¬ 
ence shows that machines likely to be subjected to 
heavy short-circuits require windings to be as strong 
as possible. In any but small machines the stator 
winding can usually be arranged to have 1, 2 or 4 bars 
per slot; and it is quite possible to design a suitable 
solid or composite slot conductor in which the eddy- 
cuTjent losses are comparatively low, even on low- 
voltage machines where the stator current is heavy. 
It would have added to the value of the paper if the 
ajithor had given some particulars of his experience 
with modern fireproof insulated rotors. On large 
machines the problem of providing even cooling and elim¬ 
inating hot spots is a difficult one. The stator is less 
difficult to ventilate than the rotor, especially as the 
dimensions are not so restricted, and if the stator be 
cooled properly the cooling of a fireproof rotor is not 
of special consequence. The • limiting factor to the 
•output of l^ge 2-pole machines is then likely to be 
the magnetic loading—^probably the saturation of the 
rotor core. Mr. Marshall asked for definite figures 
regarding separate ventilating fans. On a 5 000 kW 
;3 000 r.p.m. turbo-alternator the friction, windage 
and fan losses are approximately 100 kW. The actual 
rotor windage and friction losses are only a small pro¬ 
portion of this, so that if the external fan is considered 
desirable—and it might be coupled to one of the motor- 
driven auxiliaries—there is a possible saving of 40 kW, 
as the efficiency of a high-speed rotor fan is seldom 
higher than 25 per cent. Eddy currents in the rotor 
and arcing to the end bells are likely to occur unless 
special care is taken in fitting the caps and keys to 
ensure a' good metallic contact. The author gives 
an instance of .excessive rotor heating caused by flux 
pulsations as the result of bad tooth spacing. Load 
flux waves, especially with good power factors, are 
distorted and vary considerably. A steady stator 
M.M.F. wave-form would reduce flux variation and 
also the rotor heating. Has the author ever experi¬ 
mented with chorded windings, with a view to eliminating 
the wide variations of the resultant stator M.M.F. wave ? 

Mr. P. Robertson : Regarding the air-cooling 
system, I think that we shall ultimately adopt a close^ 
type. There is a definite amount of oxygen in the 
air, and in the closed circuit there may not be enough 
oxygen to bum even the insulation, but if the insulation 
were bu^ed the* copper and other metal parts might 
be saved. When a bum-^out takes place in an alternator, 
the fanning action of the rotor is similar to that of the 


fan in a smith’s fire, and the/ush of oxygen burns up 
the metal. I am not sure what effect the rush of inert 
gas would have on the metal, but I should imagine 
that it would not be so serious as oxygen. I have had 
some experience of exciter instability. In the ordinary 
shunt-wound exciter the time-lag between the move¬ 
ment of the rheostat handle and the building.''up of^the 
voltage is quite appreciable. On page 453 the author 
mentions that the voltage on the exciter has been 
built up by means of the rheostat preparatory to syn¬ 
chronizing. Owing to the time-lag the voltage is still 
building up, and resistance has then to be inserted 
for the purpose of steadying the voltage. It is very 
difficult at this juncture to keep the voltage constant. 
In order to overcome this difficulty it has been a common 
practice to energize the exciter field by means of a 
battery. The exciter voltage then responds very quickly 
to any movement of the rheostat and no trouble has 
been found due to the variation in voltage of the battery 
when charging. We have used this method for many 
years in Glasgow and are still doing so, but there is no 
doubt that it would bean advantage if an exciter could 
be produced which would be stable and would also 
respond quickly to any movement of the rheostat. 
This would be very much better than having resistance 
in the main field circuit, and would also eliminate the 
battery, which is undoubtedly a weak link in the chain. 

Professor G. W. O. Howe : With reference to the 
curves shown in Fig. 1, I should like to know why, in 
plotting the ordinates, the power of the machines has 
been multiplied by their speed. If the object is to 
represent the size of the fiiachines, one would expect 
to find the quotient and not the product. The author 
has shown oscillograph records of the wave-form of 
the voltage. I presume that tests were made to ensure 
that the damping of the oscillograph was correct. Jt 
would be interesting to learn whether any sfttempt was 
made to detect the presence of the tooth ripple by 
methods of resonance. Although one feels a certain 
amount of pride in the success of British electrical 
engineering firms in making such very large alternators, 
I do not know whether the policy of installing a small 
number of these very large units, instead of a large 
number of small units, is a wise one. I am afraid that 
those in charge of power stations are rather tempted 
to emulate one another in putting into their stations 
a few of these huge machines, thus greatly reducing 
the real factor of safety of the station. I have grave 
doubts as to whether the gain in efficiency, in cost 
or in space, obtained by installing, say, 4 or 5 huge alter¬ 
nators instead of a dozen or more generators of on^-half 
or one-third the size, is sufficient to justify the increased 
risk of a serious breakdown imperilling the continuity 
of supply, especially where the whole industrial activity 
of a large district is dependent upon the electrical 
supply. 

Mr. W. Ross : In describing the patented method 
of cooling an alternator, the author recommends dT 
separate fan for suppl 3 dng the cooling air^ basing his 
recommendation on the score of economy. To my 
mind the use of a separate fan is a retrogre,de step^ as 
it only secures increased economy at the expense f)i 
reliability, and in ^ny case the increase in economy 
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must be very small. The majority of ^gineers will, 

I think, agree that a self-contained machie of average 
effi-ciejjicy is to be preferred. I am interested in the 
author’s description of the closed system of cooling, 
and should like to have his opinion regarding the use 
of spray coolers in place of surface coolers, which seem 
to have ^ome favour in America. The connection 
of the cooler to the suction side of the pump seems 
rather dangerous, as, in the event of a tube splitting, 
the pump might lose the water and serious damage 
result before this was noticed. The reduction of fire 
risk seems to me to be very clear, as in addition to the 
restricted amount of air there are also the products of 
combustion to dilute the already small quantity of 
oxygen present. It was stated recently in an American 
paper, as tbe, result of some tests with CO 2 for fire 
extinctioix,, that air diluted with 10 per cent of CO 2 
would not support combustion. I should also like 
to know, the author’s opinion .with regard to the best 
methods pf extinguishing alternator fires. 

Mr. J.,Rosen {in reply) : The information given by 
Mr. Marshall, based upon his experience of alternator 
breakdowns, is instructive. In Fig, 2 the percentage | 
of breakdowns is based on the total number of rotating- | 
field alternators installed and includes breakdowns on 
all the early machines as well as the more modern 
ones. In reply to Mr. Marshall’s question on the tests 
to be applied in the periodic examination of the plant, 

I would suggest the following:— 

Preliminary, —(1) After the plant has been in 
commission for about t'yo months, the alternator 
stator end shields should be removed and the stator 
end ^windings examined for possible movement due 
to short-circuits. The winding stud nuts should be 
tightened. ^2) After the first heavy short-circuit on 
♦the alteri; 4 ator the stator windings should be examined 
at the first opportunity. 

General, —(1) The alternator should be opened out 
once every 1^ months and the stator end shields 
and rotor removed. The stator core, conductors, and 
end windings should be examined thoroughly for 
movement and abrasion of the insulation. The 
winding stu*Sl nuts should be tightened, if necessary, 
(2) The complete stator windings should be pressure- 
tested to 60 per cent above working pressure, between 
phases and to earth for one minute; the stator 
windings during this test should be dry. Such an 
examination should be carried out at the same time 
as the annual overhaul of the turbine is made. 

It ^is dimcult to give the exact improvement in effi- 
ciency*resulting from the use of the tunnel slot, but tliis 
improvement is quite appreciable, as not only is the 
flux in the air-gap and stator teeth more uniformly 
distributed, but the pole-face losses are reduced to a 
minimum. It has, however, been possible to obtain 
exact figures for the inaprovement in efficiency when 
^sing a separately driven fan. For example, a ?000 
kW alternator requiring 20 000 cub. ft. of air per mmute 
for its ventilatioiiL would, if ventilated by fans on the 
rotor, absorb 90 kW, or 1 • 8 per ceni of the output. From 
tMs figure Would be deducted 10 kW for the loss due 
to flie windage of the , rotor body,* leaving ; 80 kW as 


the actual loss in the fan. This is a conservative 
figure and compares with the power of 20 kW absorbed 
by a motor driving a separate fan. The actual gain by 
using a motor-driven fan is therefore 1 per cent of the 
output. This gain remains approximately consjpant for 
turbo-alternators up to the largest sizes. 

Concerning the relative costs of the wet aif-filter and 
the closed system of ventilation, the air coolers are 
little or no more expensive than a good design of wet- 
air filter. The enclosed system of ventilation has 
the further advantage that there are no long external 
ducts, so that the total cost in most installations would 
probably be less than when using the ordinary wet air- 
filter. The volume of air in the enclosed circuit of a 10 000 
kVA alternator is approximately 1 100 cub. ft., con¬ 
taining 20 lb. of oxygen. This quantity of oxygen could 
consume 7J lb. of carbon or about 20 lb. of wood, but 
as the principal product of combustion is carbonic acid 
gas, and a flame is extinguished when only .,4 per cent 
of carbonic acid gas is present, the amount of wood con¬ 
sumed would only be about 1 lb. The total weight of 
combustible material in the alternator, including 
packing and insulation, exceeds 400 lb. 

Mr. Powell agrees that the flexible insulation is the 
most satisfactory solution of the stator insulation 
difficulties. I am aware of the machines to which he 
refers, and it will probably interest him to know that 
one of these alternators has been replaced by a Parsons 
alternator, with the flexible insulation which is now 
running direct on the 6 600-volt supply in parallel 
with the existing alternators, coupled through the 
transformers. It has now been running for two years 
without difficulties of any kind. ^ 

I agree that unless precautions are taken in drying- 
out alternators under short-circuits, local heating must 
take place. In my opinion, the best way to dry an 
alternator on site is to run it below half speed, and 
to pass the necessary current through the stator windings 
under short-circuit. By this means, dangerous local 
heating due to the eddy currents induced under the 
conditions occurring when the alternator is run short- 
circuited at full speed is eliminated. 

Mr. Whysall refers to dijBficulties with gearing, and 
I can assure him that Messrs. Parsons have had no 
failures of gearing which has been fitted in land installa¬ 
tions. I agree that the present forms of alternator 
protection are a great safeguard and in many cases 
have prevented a complete burn-out by tripping the 
machine from the busbars. 

I would refer Mr. McColl and Mr. Ross to my reply 
to Mr. Partridge (see page 466) on the question^of 
alternator ventilation. I would also refer to the reply 
to Mr. Marshall, from which it will be seen that the 
improvement in efficiency by using a motor-driven 
fan is 1 per cent. 

In the original tests for free moisture, .,,when. air 
filters were used, air was tapped off and the moisture 
?:ontents measured by means of the prdina^ calcium 
phloride. tubes, but later, in order , to obtain a more 
praciical paethod, moisture, detectors were; designed, 
and it is now possible to obtaiii a ch^ck upon the free 
moisture present in the cooling air, without .providing 
islaborate apparatus. The moisture detector as originally 
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designed consisted of a brass or copper cylinder, around 
which a sheet of press-spahn 0 • 2 mm thick was bound 
with Eureka wire spaced well apart. The insulation 
resistance of the press-spahn between the Eureka wire 
and th^ tube was measured by means of the ordinary 
testing instruments, such as a " megger." In using 
tliis apparatus two similar ^detectors are employed, 
one of which is screened by means of a blanket to prevent 



E,—Diagram of connections for moisture-detecting 
apparatus. 


any free moisture present from impinging on it, and 
the second one is exposed directly to the cooling air. 
By taking a series of readings, a direct indication of 
the condition of the air leaving the filter is obtained. 
The arrangement is shown diagrammatically in Fig. E 
and the curves are shown in Figs. F and .G with short 
explanatory notes. Fig. E also gives a diagram of 
connections for measuring the condition of the insulation 
by means of a milliammeter, the detector being coupled 
to the d.c. Supply. 



Fig. F.—^Moisture-detecting apparatus. Curves showing 
relation between insulation resistance of two coils. 


The insulation resistance of eadi coil falls at the same cate until the water is 
turned on the filter, after which the insulation resistance of the coil on the 
filter side of the screen falls more rapidly. This is due to the presence of 
free moisture in the duct, which only affects this coil. 


I would refer Mr. McColJ, on the question of high 
voltage, to my reply to Mr. Selvey in the London dis¬ 
cussion. There are difficulties to be surmounted, but 
I see no •reason why, if engineers desire them, three- 
phase alternators should not eventually be designed foj 
generating direct at 20 000 volts. 

In reply to Mr. Seddon, there are naturally many 
difficulties in balancin| electrical rotors, but I think 
that the most suitable method is to run the rotors 
up to speed to enable the windings to take their final 
positions, I prefer that the rotors should be run up 


to overspeed while the windings are hot. On the question 
of separately driven fans, I would refer Mr. Seddon to 
my replies to previous speakers. • ^ 

In reply to Mr. Pitt, the modem rotors insulated 
with the special insulation to withstand high tempera¬ 
tures have proved satisfactory after many years of 
operation, and no troubles have been experienced^due 
to the qualities of the insulation used. The question 
of types of stator windings is one for very wide dis¬ 
cussion and cannot be dealt with in detail here. Al¬ 
though chorded windings are used, the wave-forms 
given in the paper were obtained without their use. 

In reply to Mr. Robertson, I have had experience of 
only one fault on an alternator fitted with the enclosed- 
circuit system of ventilation, and in this case the 
machine was tripped from the busbars by the operation 
of the self-balanced protective relays; one conductor 
only was damaged and the remainder of the windings 
and insulation were untouched. The balanced pro¬ 
tective gear localized the fault and I think the enclosed 
system of ventilation was instrumental in preventing 



Fig. G. — ^Moisture-detecting apparatus. Curves showing 
relation between insulation resistance of t'vj^o coils. 


The insulatioa resistance of each coil is falling at the same rate, clearly 
indicating that no free moisture is passing into the air duct. 


the burning of the adjacent insulation, owing to the 
limited quantity of. air available for combustion. This 
question is dealt with fully in my reply to Mr. Marshall. 
The separate excitation of exciters is not &ow necessary, 
as with the use of the series turns on the exciter poles 
the exciters can be made stable at all voltages required 
for the operation of the plant. 

In reply to Professor Howe, the product of the power 
of the machines and the speeds has been used in !fig. 1 
as it gives a " Factor of Difficulty in designing and 
manufacturing such plant. That the wave-forms of 
E.M.F. of the alternators described in the paper are 
satisfactory, is confirmed by the fact that in no case has 
there been disturbance in telephone systems where such 
alternators are used. It may sometimes be felt that 
the size of alternators is increasing too rapidly, but it 
must be remembered that the size of plant is only 
comparative, that the earlier and smaller machines 
were designed for the loads then available in one station 
and that the large units now being considered are very 
necessary, in order to deal with the ^^ery much greater 
demand^ for power. • Remembering that power stations 
are now interlinked, there is more available spare plant 
than in the«earlie? days: the number of failures of 



AND THEIR SOLUTION: DISCUSSION. 


473 


supply due to turbo-altf^rnator breakdowns may be 
considered negligible. 

In reply to Mr. Ross, the only spray-type cooler which 
I saw in America used for the enclosed system of ventila¬ 
tion had been discarded for the ordinary filtering system. 
The objections to such coolers are the same as when 
they^ are used in the normal way for filtering the air. If 
a fault is found in a tube of a surface cooler the section 
of the cooler should be put out of commission and the 
tube plugged immediately. The precaution of putting 
^ the cooler on the suction side of the pump is to prevent 


water from leaking into the air ducts through small 
holes only. Several methods have been described for 
extinguishing fires but I think that the enclosed system 
of ventilation is the greatest safeguard. I have had 
steam sprays fitted to alternators, but fortunately it 
has not been found necessary to use them. Xhemical 
extinguishers should be-s avoided, as the chemicals 
harmfully affect the insulation and after their use it is 
advisable entirely to rewind the alternator. There is 
also the possibility of further breakdown due to the 
action of the chemicals upon the varnish. 


North Midland Centre, at Leeds, 20 February, 1923. 


Mr. J. W. J. Townley : I note that in Table 1 
reference is made to a machine of 47 500 kVA; is 
that a single alternator or is the output obtained from 
two machines connected to the shafts of a cross-com¬ 
pound turbine ? The latter arrangement is, I believe, 
preferred by the turbine designer for generating sets 
of that size. The author has dealt with high-speed 
turbo-alternators, but the turbine designer frequently 
desires to run his low-pressure end at a somewhat 
lower speed than the high-pressure turbine, which 
means two alternators in the case of very large sets, 
one running at the highest practicable speed and the 
other connected to the low-pressure turbine at a con¬ 
siderably lower speed. This, of course, greatly simplifies 
the problem forHhe alternator designer, and if Messrs. 
Parsons are now prepared to buM single alternators 
of 47 500 kVA, the 100 000 -kVA machine of the cross¬ 
compound design is within sight. With reference 
to these very large machines, some particulars were 
recently published of a 65 000-kVA turbo-alternator 
now being constructed in the United States. If the 
author has any information in regard to this machine 
(I understand that he has recently returned from 
America) I should be glad if he would give some details 
in his reply.' Tne machine is, I believe, designed to 
run at 1 200 r.p.m. In a recent issue of a German 
technical journal some particulars were given of the 
60 000-kVA tflrbo-alternators built in that country, 
during the war, and certain particulars were also given 
of a design for a machine of 160 000 kVA running 
at 1 000 r.p.m. The rotor diameters were given as 
2‘25 m for the former, and 2*7 m for the latter. It 
appears that the peripheral speeds, and therefore 
the sfresses on the rotors, of these and the American 
machine are very much in excess of anything hitherto 
contemplated in this country, and I should like to 
know the author's opinion of these proposals. Refer¬ 
ence is made in the paper to the difficulties in obtain¬ 
ing satisfactory cooling in high-speed machines. When 
water cooling was proposed some years ago and actually 
carried into effect by Messrs. Parsons, I came to the 
conclusion that this system of cooling would be univer- 
^Hy adopted for large high-speed machines, and I am 
now somewhat surprised to find the author of opinion 
that water coolingls unnecessary even for large machines 
running at 3 000 r.p.m. One can* readily understand 
that in the case of a high-speed machine the relative 
proportions of iron and air space^ are considerably 


modified, the air space requiring a very much greater 
proportion of the whole, and this naturally results in 
a somewhat indifferent mechanical construction. The 
author points out that satisfactory core construction 
is important in the design of a reliable machine. Is 
the stator core construction in modern high-speed, 
machines perfectly satisfactory when designed for‘'air 
cooling ? I am disappointed that no reference is made 
to the maximum temperatures reached in these machines, 
as I believe that manufacturers have a great deal of 
data, obtained by the generous use of embedded tem¬ 
perature detectors, as to the hot spots upon their 
machines, this information not being ordinarily passed 
on to the user. In an American journal recently some 
figures relating to the temperatures reached upon the 
Niagara Falls machines were given, and in one machine 
the maximum temperature was F. in the stator 
copper, which appears to be excessive. L do not, of 
course, suggest that British machines ever reach such 
temperatures, but I believe that there are hot spots 
in many machines which reach temperatures very much 
in excess of anything which thermometers can indicate. 

I agree that rigid insulation should be avoided, as a 
certain amount of movement of the stator bars cannot 
be prevented, and for the effectiveness of the Parsons 
method of obtaining this flexibility I can vouch, as I 
have seen some insulation taken off a machine (after 
being in use for 6 or 7 years) which was then in a very soft 
flexible condition and would permit a considerable 
amount of movement of the stator bars without crack¬ 
ing. It may be that with the increasing length of 
modern alternators the operating engineer should con¬ 
sider more carefully the question of loading his machines 
and, in order to avoid excessive movement of the stator 
bars, should load the machine up slowly so that the 
copper and iron will heat and therefore expand togethei*. 
The net movement of the stator bars would then be 
mejrely the difference between the expansion of the' 
two metals. The total movement, even in the first 
case, is small, being about -I- in. for a stator length of 
about 8 ft. and 120 degrees F. rise, but it must-have an 
effect upon the insulation if constantly repeated. The 
, author refers to the closed-circuit air filter. I quite 
agree that this is the best method of dealing with the 
air-cleansing problem, and it lias the additional advan¬ 
tage of mitigating fire risks. He suggests that it is 
• inadvisable to allow water to come into contact with 
’ afi:, but in a design of closed air filter which I‘ have 
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recently seen, the water trickles down a series of plates 
in the form of a film. The advantage of this type of 
air filter is that there is no risk from hurst tubes, which 
might have a serious effect. Has the author considme 
the usve of fireproof insulation for end windings , One 
of the greatest dangers in a modern alternator is a 
fault occurring at that poinj;, which usually sets hre 
to and results in the complete destruction of, the 
windings. A completely fireproof construction would 
almost entirely remove this risk. The most valuable 
part of the paper is, I think, that in which the author 
gives particulars of his experiments with rotor caps 
I feel that we are on the wrong lines in having solid 
metal caps, as the stresses upon the cyhndrmal cap 
are very unequal and tend to distortion. The old 
system of steel-wire or strip-bands was no douM un¬ 
satisfactory, but this form of construction might be 
developed and be a more satisfactory solution of the 
problem than the present solid cap. The author refers 
to the rather high voltages which can be induced in 
the shaft and rotor body of high-speed machines. 1 
hare experienced this trouble. In order to prevent 
the circulation of current in the^ shaft some manu¬ 
facturers insulate one of the bearing pedestals, I 
think it is preferable to short-circuit the shaft inside 
the alternator bearings. The latter device, of course, 
involves brushes running upon the shaft at this point. 
On page 458 the author calls attention to the dangers 
of open-circuiting the rotor winding with a quick- 
break switch without discharge resistance, -owing to 
the excessive currents which may flow through the 
keys, shaft and rotor caps. In a recent paper * it was 
suggested that to open-circuit these windings by means 
of a field switch without discharge resistance was a 
perfectly safe proceeding from the point of view of 
voltage-rise in the rotor winding itself ; but the present 
author shows that there is another danger which must 


be borne in mind. ^ ^ 

Mr, G. B. Melton : From a constructional point ot 
view I am very much interested in the sand-blast action 
on the conductors. If by digging a hole in the ground 
near the point of air supply to an alternator it he pos¬ 
sible to provide material which will strip the insulation 
in one minute, I think that we shall have to get rid 
of both dry and wet air-filters. I am also interested 
in the pressure set up in the water-cooled rotors. 
Perhaps the author will state the internal water pressure 
corresponding to a speed of 300 to 400 ft. per sec. The 
rotor bonding mentioned is a very satisfactory feature. 
Reversal of exciter polarity under short-circuit and other 
abnormal conditions does occur, but I have never found 
it to be very harmful. The instruments simply work 
off the scale and their connections have to be reversed. 
Two machines of which I have intimate knowledge 
used to reverse at very frequent intervals and no harm 
was done. The rotor end bells might be constructed 
similarly to a wire-wound gun, i.e. wound with rectangm- 
lar-section wire, provided that the ends can be secured. 
I was rather surprised at the low voltage found by the 
author in the rotor body undor short-circuit, and I 
should be glad to know whether it was a single-phase 


* J. A. Kuyser: “ Protective Apparatus for Turbo-Generators.” 

Journal i.E,E., 1922,. vol. 60, p. 761. 


or three-pha^e short-circuit. Instances are known of 
the breaking down of the insulation under the exciter 
bearing, and on at least one occasion a machii^e was 
actually shut down because an arc was formed between 
an oil vent pipe and the stator, under single-phase 
short-circuit conditions. I believe that the existing 
practice in many American stations, particularly on 
the Canadian side, is to connect lightning arre^sters 
to earth across the rotor and across the exciter bearing 
pedestal in order to protect the insulation, and I should 
be glad if the author would deal with this point in his 

J. F. Mather : I agree with one or two of the 
previous speakers that the enclosed system of ventila¬ 
tion for alternators is now obtaining recognition, and 
that most large machines in the future will he designed 
with ventilating systems of this_ type. I also think 
that the Parsons design of ventilating system is the 
most scientific and most efficient in use at the present 
day, but the externally driven fan used is a weak link 
in the chain. The fan is such a vital piece of the appar¬ 
atus that a failure of the air supply leads in a very short 
time to difficulties. I believe that with the Parsons 
machine, even if running on no load, a failure of the 
air supply will very soon result in a dangerous rise 
in the temperature of the rotor and stator if the field 
magnets are excited. This'being so, I should like to 
suggest to the author a compromise between the in¬ 
efficient fan mounted direct on the rotor shaft and 
the fan driven by a separate motor,'the idea hemg 
to drive the fan by means of worm gears and shafting 
from the main shaft of the Sltemator in a similar manner 
to that in which the governor is driven at the steam 
end of the machine. There might be some littSe diffi¬ 
culty in arranging the shafting for the^fan, and there 
would be a fairly considerable amount of power to 
transmitted. In the case of a 15 000 KW set, for 
example, the ventilating fan absorbs about 170 h.p. I 
think, however, that the scheme would not present 
any insuperable difficulty, and it would certainly have 
much to recommend it from the point of view of reli¬ 
ability. It will probably be mentioned that such a 
design would entail an increase in the-length of the 
machine, and with Parsons machines this is a very 
important point. A comparison between Parsons 
machines and those of equal output of other types 
will show that the former are usually somewhat the 
longer. From the point of view of calculation of steam 
consumption of the set this method of drivin| the 
fan would not be under any disadvantage, because it 
is usually specified that in calculating the consurtjption 
the power delivered from the alternator terminsfls shall 
he reduced by the power required for ventilating the 
stator and the exciter of the machine.* The question 
of reactance is also distantly connected with the venti¬ 
lation of the machine. At first sight there may^ not 
appear to be any connection between these two things, 
but I speak now from the point of view of the g?nera4 
lay-out of the plant. When external reactances are 
to he used, a very convenient place "for housing them 
is the space in the* foundations directly beneath the 

* With the gear-ddveti fan this power would he deducted 
automatically. 
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alternator. With the enclosed system of ventilation this 
space will be required for the air ducts and cooler, and 
the reactances will necessarily be placed elsewhere. 
The problem with which central station engineers are 
faced to-day is very often to fit a comparatively large¬ 
sized machine into an engine room that is very much 
too small 'Vfor it, an engine room that was perhaps 
designed many years ago for plant of an entirely different 
type. It is not therefore always an easy matter to 
find a place for the reactances and at the same time to 
make a suitable arrangement of the main cables. From 
this point of view it appears to be desirable that all 
the reactance should be contained in the machine 
itself. I believe that external reactances when installed 
provide about 30 or 40 per cent of the total reactance in 
circuit. With the tunnel type of slot which the author 
recommends for other reasons, it should not be very 
difficult to include in the machine windings as muclx 
reactance as required. 

Mr. S. D. Jones : Would it not be possible to design 
an air cooler similar in nature to an evaporative con¬ 
denser ? The air would be circulated through the 
cooler, tubes and the circulating water would drip 
over the outside of these tubes. 'A steady stream of 
air could be directed against the water to carry off 
the vapour through air ducts to the outside of the 
building. This would involve an additional fan for 
the outside at? circulation, and possibly the pooler 
to do the work would take up too much space. The 
cooler tubes woiJld always remain clean inside, as only 
clean air circulates in them, and they could be designed 
to give the greatest possible cooling surface between 
the inside air and the trickling water outside. 

Mr. S. E, Fedden : The author's remarks regarding 
the advantage^ of the Parsons stator winding are 
justified in practice, and the possibility of withdrawing 
a faulty ba/with little or no disturbance tp its neigh¬ 
bours is fully appreciated by those in charge of the 
operation of turbo-alternator plant. Our experiences 
with wet-air filters as applied to high-ten§ion alternators 
confirm from many points of view the great desir¬ 
ability of the closed air system. Water-cooled rotors 
constitute a d<!7dbtful expedient, as apart from danger 
of possible leaks on to the E.H.T. stator winding there 
is danger of the circulation stopping without warning 
owing to the passages becoming choked. The author 
directs attention to the danger of breaking down field 
windings through the too rapid interruption of current. 
As '' Sicking " coils are now out of date and as the old 
and well-tried shunt break is not the latest practice, 
what is to be done ? Perhaps a liquid starter con¬ 
verted ^o act as an interruptermight meet the 
case. With reference to the loss of field of shunt exciters 
on light load, as we were amongst the first to recommend 
the trial of a few turns of series winding on the Parsons 
exciters we can confirm this as a remedy.. The design 
and general insulation of rotor slip-rings are not referred 
tb; the steel rings should be not less than 2 in, broad, 
and a little more creeping stuff ace should be allowed 
on the mica forming the foundation. The connection 
from rotor* winding to slip-ring* is bften a sojirce of 
tremble. The Parsons design has proved .very sucr 
cessful owing to the attention giveSi to these details. 
The author does not dir^t attention to the importance 


of main-terminal design on alternators. Possibly 
Messrs. Parsons ,have not experienced trouble in this 
respect. Their terminal connectors consist of broad 
laminated copper strip flexibly insulated and yet 
rigidly clamped between broad slabs of insulating 
material carried by gunmetal brackets. There being 
no porcelains to be brok^ by main cable movement, 
this terminal has proved most successful. 

Mr. D. M. Buist : On the whole I agree with the 
author’s remarks upon the subject of insulation, but 
as an additionaTsecurity from the user’s point of view 
I would stipulate that all coils on both stator and 
rotor, and especially the end turns, after being wound 
should be subjected to a temperature and pressure 
greater than will probably be encountered in operation. 

I am glad to note that the author’s firm seems to have 
paid particular attention to the question of cooling 
the end turns, as this is practically the only portion 
of the windings where the cool air can be brought into 
direct contact with the source of the heat. Referring 
to the question of eddy currents in rotors, I am glad ^ 
to see that the author devotes to it the attention tk^at 
it deserves. I have encountered at least two break¬ 
downs which could only be attributed to the eddy 
currents induced in the rotor caps. The first of these- 
substantiates the author’s opinion that to insulate the 
cap from the rotor is not a satisfactory remedy. This 
was the method adopted in the case to which I refer, 
and distortion of the cap, combined with mechanical 
weakness of the insulation, resulted in heavy sparking 
between the cap and the body each time the rotor 
circuit was opened. The second breakdown occurred 
on a larger machine of different make, and in this 
instance a piece of the cap weighing nearly | lb. broke 
off and tore up the stator windings. When this hap¬ 
pened the machine was on low load, and so in this case 
it is probable that centrifugal force completed what 
the sparking had commenced. In view of the above, 
therefore, I heartily endorse the author’s recommendation 
that quick-break switches without discharge resistances 
should be employed to break. the main-field circuit 
only in an emergency. 

Mr. G. P. Henzell: I should like to make a few 
remarks with reference to ventilation. Most of us will 
agriae that both the wet and dry types of air filter are, 
generally speaking, unsatisfactory in practice. I think 
that the closed system of ventilation is undoubtedly 
the right thing. I recently saw an alternator having 
a capacity of, I think, 10 000 kW, that had just been 
opened out after 12 months' running on the closed 
ventilating system ; there was not even a speck eff duSt 
to be seen on the windings. I am not at all in favour of 
th^ separate fan, however, as it is an additional auxiliary. 
The author is probably correct in saying tha;t we cannot 
design such an efficient fan to run on the rotor shaft, 
but I think that we can design a fan sufficiency strong 
iijechanically. Even though it is less efficient, I 
think it is better than the separate fan with all the 
attendant risks, of breakdown. I have never been 
able to . get to the bottom of the question of alternator 
.temperatures, ^ no one seems to have definite, views 
,as to what the limit is. The majority of operating 
-eSSigiu^ers are strofigly. inclined to keep on the safe 
;Personally, I: think that the factor determining 
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the safe limit is, to a great extent, expansion, and not 
the temperature that the insulating material mil with¬ 
stand. I have had breakdowns on alternators, and in 
most cases examination showed that the conductors 
had moved inside the insulation, which then flaked or 
powder^jd off. I should like to endorse the remarks 
of a previous speaker on ^fireproof end-winding. I 
think this is a most important point; most serious 
damage is caused by end-winding fires. 

Mr. J. Rosen {in reply) : In reply, to Mr. Towlney, 
47 500 kVA is the output of one alternator of the 
50 000 kW unit, which has a total kVA capacity of 64 500. 
This unit is now being manufactured by Messrs. Parsons 
for the Crawford Avenue station of the Commonwealth 
Edison Company, Chicago. Where the load is available, 
it is not unreasonable to use 100 00-kW units with 
cross-compound turbines, and I am confident that such 
units will be installed during the next few years. The 
47 500 kVA alternator mentioned above will run at 
1 800 r.p.m. Mr. Townley asks if the figure of 2*7 m 
r at 1 000 r.p.m. is safe. I think that this peripheral 
sp^ed of 464 ft. per sec. is the maximum at which 
rotors should be run with the information at present 



Fig. H. — Curves showing temperature-rise of end-windings 
and core conductors in an 18 000-kVA alternator. 


available. ’ Personally, I prefer not to exceed a peri¬ 
pheral speed of 400 ft. per sec. 

In reply to Mr*. Townley and Mr. Melton, research in 
the direction of steel-wire and steel-strip bands for 
supporting -the rotor end-windipgs has been carried 
out, but a metal cylinder of some form must be used on 
which to bind the wire; otherwise, the wire has to be 
applied directly to the rotor windings. Alternator 
rotors have byeen fitted with caps filled with binding 
wire, ^ owing to the difficulty in obtaining suitable high- 
tensile bronze, and have run quite satisfactorily. With 
the lower peripheral speeds, however, the complication 
of binding wire is not necessary.. There are difficulties 
which prevent stators being entirely water cooled; find 
I have dealt with this question in reply to Mr. Shepherd 
(see page 467). The stator core in the present methods 
of construction and supports has proved to be very 
reliable. 

I agree with Mr. Townley’s figures on the movement 
between stator conductors and the core, but the flexible 
insulation has overcome l&ese troubles. On the whole, 
I think that w® do not run to such high temperatures 
in this country as in the plants manufactured in America. 
I attach a typical curve (Fig. H) of conductor temper¬ 
atures in an 18 000 kVA alternator, as measured by 


embedded thermo-couples. ^With present materials it 
is impracticable to obtain a completely fireproof con¬ 
struction of stator winding, but with the enclosed 
system of ventilation the damage has been limited to 
the point of breakdown only; it has been proved that 
the damage does not extend to other parts, owing to 
the comparatively small quantity of air<»*present. I 
find that the insulated pedestal is more satisfactory 
than the use of short-circuiting brushes. 

I have had some experience of the coolers with water 
trickling down the plates, but this arrangement is similar^ 
to the eliminators in the ordinary wet air-filter; the 
water appears to collect at the edge of the plates and 
is blown over in the form of large drops. 

In reply to Mr. Melton, the pressure in the tubes 
exerted by the water at 300 ft. per sec. is about 2| tons 
per sq. in. In regard to the voltage induced in the 
rotor shaft, this was under a three-phase short-circuit. 
I would remind Mr. Melton that even this pressure of 30 
volts would circulate a very heavy current of some 
thousands of amperes through the rotor body. I have 
heard of the practice of connecting lightning arresters 
between one of the rotor terminals and earth, but I 
did not see in America an installation to which such a 
device was fitted. Although in this country their use 
was considered some years ago, I do not think that they 
have been adopted. 

Mr. Mather proposes to use a fan Reared in some 
way to the alternator shaft. I would refer him and also 
Mr. Henzell to Fig. D on page 467, in which is shown an 
arrangement used on a 10 000 kW machine for driving 
the fan from a pump motor. The greater number of 
Parson alternators are run without external reactances, 
but if , reactances are proposed I have no doufit at all 
that provision could be made to inco^)orate them in 
the foundation lay-out with the enclosed systen^ of 
ventilation. Naturally, their position mustl^e considered 
before the foundation plans are settled. 

It has been found that sufficient cpoling surface can 
only be obtained by the use of gilled ” tubes, and that 
the rate of heat transmission from the air to the water 
is low and is the limiting factor in the design. The 
evaporative principle offers no advantage in this respect, 
and in addition entails, as pointed out by Mr. Jones, 
an additional fan and ducts. There is, therefore, not 
sufficient to be gained by the use of the evaporative 
principle to offset the additional cost. 

I am very pleased to hear that Mr. Fedden*s views 
coincide on the whole with my own. I do no'f think 
that in the normal operation of the plant it is necessary 
to utilize the special liquid ** interrupter,** as it is only 
necessary to open the main field in emergency hr when 
the alternator excitation has been reduced ; this can 
then be done by means of the ordinary quick-break 
switch. 

Mr. Buist is correct in assuming that both the stator and 
rotor windings should be subjected to pressures greater 
than that which would be encountered in operaiiori.* 

I agree with Mr. Henzell as to the difficulties due to 
expansion and to movement of thd conductors. The 
helicaHy stranded Conductors with flexible insulation 
illustrated in Fig. 8 have replaced conductors of several 
alternators in wfcch the laminated conductors with 
hard insulation were previously used. 
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THE USE OF SINGLE-CORE SHEATHED CABLES FOR ALTERNATING 

CURRENTS.* 

By Professor W. Cramp, D.Sc., Member, and Nora I. Calderwood, M.A., B.Sc. 


{Paper first received 2nd September, 1922, and in final form ^th January, 1923.) 
Summary. 


It is frequently a matter of convenience to use single¬ 
core lead-covered cables for transmitting power by means 
of alternating current, and in such cases the magnitude of 
the loss arising from the eddy currents induced in the lead 
sheath becomes a matter of importance. Recently some 
power-supply authorities have refused to connect to their 
lines any distributing system depending upon the use of 
such cables. 

The eddy losses in the sheaths of these cables may be 
divided into two groups, called herein sheath eddies,^' 
and “ sheath circuit eddies.*’ The latter occur only when 
one or more cables have their sheaths connected at more 
ihtn one place. 

The losses are analysed for a single cable, a pair of single¬ 
phase cables, and a set of three-phase cables. 

It is shown tha4? the sheath eddies are in all cases negligible, 
and that the sheath circuit eddies may be kept within reason¬ 
able limits by proper regulations regarding the spacing of 
the cables. , 

It is suggested that the I.E.E.,Wiring Rules should contain 
such regulations, and that so long as these are adhered to 
there is no justification for refusing to connect single-core 
lead-covered cables to any ordinary a.c. system. The 
necessary data are given for the framing of the. regulations. 

Similar questions arise regarding armoured cables. The 
results in this^case are awaiting the conclusion of the experi¬ 
ments now being carried on at the University of Birmingham. 


The adoption of alternating currents for small and 
large distributing systems has resulted in an ever- 
increasing use ^ of cables provided with a protecting 
metal sheath, from which it follows that the effect of 
eddy currents in the sheath is of importance, especially 
in Great Britain, where underground lines are more 
common than in America or on the Continent. 

The subject is also a matter of moment in many 
large -.works and collieries, especially in those cases 
where a change has been made from an old d.c. supply 
to a new a.c. system, in which it is desired to use as 
many'^^f the existing cables as possible. 

Again, paper-insulated cables admit of large currents 
for a given section of copper and a given temperature- 
rise, and the use of paper entails the use of a protecting 
waterproof sheath which is usually made of lead. 

It is not always convenient to adopt a multi-core 
9 ^able for an a.c. system. There are many instances 
wherd; on account of special circumstances, such as 

* The Papers Committee invite written communications (with 
a view to publication m the Journal if,, approved by the Com¬ 
mittee) on papi^s published in the Journat without bemg read 
at-, a meeting. Communications should reach the Secretary of ! 
the Institution not later than one month softer publication of the ' 
paper to which they relate. 


the run to be negotiated or the presence of existing 
cables, it is economical or convenient to adopt cables 
of the single-core type. In the course of practice 
extending over many years, one of the authors has 
never hesitated to use long lengths of single-core lead- 
covered cable on a.c. circuits, and has never had the 
least trouble due to heating of the sheath. ^Notwith¬ 
standing this experience, it now appears that some 
power-supply authorities are objecting to single-core 
a.c. cables, and even refuse to connect them to th^ir 
mains. The reason for this action apparently is that 
these authorities fear the heating effect of eddy currents 
in the sheath which are induced by the current in the^ 
core of the cable itself and by neighbouring circuits. 

Current textbooks contain little but vague statements 
as to the magnitude of such heating effects, though 
several recent American papers deal with other aspects 
of the problem. It therefore seemed desirable to 
calculate and put on record the relative magnitude of 
this loss as compared with that due to the normal 
resistance of the core itself. The justification for this 
comparison lies in the fact that the heat due to the 
copper core as well as that due to the eddy currents 
in the sheath must ultimately be dissipated by the 
surface of the sheath. If then we express both in the 
form of watts/cm^ of the sheath surface we shall have 
a measure of the increased temperature-rise of the cable 
due to the sheath eddy currents. 

The eddy currents in the sheaths of a pair of cables 
laid side by side, each carrying a known alternating 
current, may be divided into two main groups :— 

(A) Eddy currents whose outward and return paths 

lie entirely in the sheath of one cable, called 
hereinafter sheath eddies.” 

(B) Eddy currents whose outward path is along one 

cable, and return path along Another, called 
hereinafter “ sheath circuit eddies.” 

It will be manifest that the latter can never exist If 
each sheath is entirely insulated from every other, or 
if^there is no metallic connection at more than one 
point of a pair of cable sheaths. Thus, if bonding, or 
switchgear wiped joints exist at only one end of a 
system, all currents of class (B) will disappear. But 
the currents of class (A) cannot be avoided altogether 
by any means short of a non-metallic sheath, which, 
if it could be devised, would eliminate not only these 
but many other troubles. ^'SN'p are of opinion that 
cable makers would do well to direct' their attention 
to thift suggestion, for so long as metal sheaths are 
used and wiring rides, particularly colliery wiring rules. 
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are what they are, bonding at both ends of a circuit is 
usually a matter of necessity. 

If we can show that eddy currents of class (A) are 
negligible in magnitude, then power-supply authorities 
will be well advised not to irritate consumers by 
refusing .to connect single-core cables to their systems, 
but to adopt such rules as will keep the heating losses 
due to (B) within safe limits. 

To prove the forgier and to give data for the latter 
is our object in the following analysis, and we begin 
with currents of class (A). As a general case of common 
occurrence and one in which these eddy losses will be 
at their worst, we may consider a single-phase circuit 
consisting of a pair of lead-covered cables lying side 
by side along a straight run. We assume the mean 
radius of sheath to be r cm, the centres of the pair of 
cables" to be I cm apart and the thickness of the sheath 
to be S cm. Since S is small compared with either 
r or I, the magnetic field at any point P in the sheath 
may be considered to be uniform throughout the thick- 
-ness at that point. The distance I must always be 
greater than 2r, so that the fraction rjl = K cannot be 
greater than 0*5. 

Referring to Fig. 1, and assuming that the cable 


On the above assumptions, if the cable has a length 
L cm, then through a zone of the sheath of radial 
thickness y (from the mean circumference) and* length 
L the magnetic flux is 

0 * 2/ sin 2'TTft / I — K cos 0 \ 

r \l + K^^2Kcos9r^ 


<f>i = 


which will produce along an element of the boundary 
of the zone an E.M.F. 


S-Ef = - 


dt 


__ — 0*47r/T cos 2'nft/ 

“ iov 


l K cos 6 
U + £2 _ 2K COS 6. 




volts 


Since the length of the cable is great compared with 
its circumference, the resistance of the element of the 
boundary is 



where p is the specific resistance of the material of the 
sheath. 

The eddy current along the element is 



whose centre is at A carries a current I sin 277/^ amperes 
away from the observer, for which the cable whose 
centre is at B forms the return circuit, then at the point 
P on the mean circumference of the lead sheath the 
magnetic field due to the current at A is always normal 
to the radius AP and clockwise in direction. Similarly, 
the magnetic field at P due to the current at B is always 
normal to BP and counter-clockwise in direction. 

This second field may be resolved into two com¬ 
ponents, (1) along PA and (2) at right angles thereto. 
The circumferential field through P around A is there¬ 
fore the sum of two components, while the field normal 
tq the sheath is due to the current in B only. We 
thus have two series of eddy currents, the first due to 
the sum of the circumferential fields and tending to 
flow in radial planes, and the second due to the norifial 
fields and tending to flow in tangential planes. If 0 
is the angle PAB, and a the angle APC (where PC is 
perpendicular to PB), the circumferential magnetic 
density at P is 

B ~ ^ rl cos 0 \ 

^ r - \ + 1^ 2rl cos 0/ 

_ 0-2/ sm 2‘nft/ 1 — El cos $ \ 

~~ T U + jK«- 2Kcos e) 


1 d<f>i _ Q-4iirfllcos2‘7rff](l—Kcos0) 
b'H "" 108/)(1 +K^-2K cos d) 


ydBdy 


The power lost in the element is 
ZEdi 

_ 0- 167 r 2 / 2 i 2 cos2 (2'nSt) 
lOiSrp 

The power lost in each element of thicknesS 8 and 
wdth rdd is 

0 • 0477^/2 cos2 (2irft)LS^ {1 - K cos^^ „ 

3 X io%p ‘(1 + js:2 _ 2 k:cos0)2 

If I be the R.M.S. value of the current, the mean 
power lost is 


Jl-JB:cos0)2iy2 

a+^=2K^2‘*^‘^y watts 




47T2y222i^^ (1 -Xcos 0)2 


3 X lOiSr/) (1 4- iC2 _ 2K co%0)^ 


d0 watts 


Therefore the power lost in the whole sheath due 

r27r 

to the cicumferential fields is dP and entails the 

Jo 

integration of the expression . , 

[(1 K cos 0)2/(l + K^^2K cos 0)^d0 


This may be written 

1 (l-.g2)2 1 l-gg 'I p. 

4{H-iC2_2JCcos5)2"^2 l+Kj^-2Kcosei 

The second and third of these three integrals are not 
found in ordinary textbooks and their solution is ther^r 
fore given in some detail in Appendix I, from.Vhich 
on substituting the limits we find.:— 




7t{2 - E^) 
3 X W^rp ' 1 
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and the watts/cm^ of the^ mean circumfelence of the 
lead sheath due to this cause become 
2772 / 2 / 2 ^ 3(2 ^ 2 ) 

3 X — £2) ••..(«) 

It will be seen from this expression that as the cables 
are spaced,, further and further apart the value of K 
becomes less and less, so that ultimately the fraction 
(2 /l 2)/(1 /5C-') =: 2 ; and then the eddy loss in 

the sheath is that usually calculated for one long, 
straight, independent cable. Under these circumstances 
also, expression (a) becomes 4772 / 2 / 2 ^ 3 ^( 3 ^ 2 ^ 

This divided by 8 gives the watts lost per cm^ of the 
lead sheath. For metal sheets this loss is generally 
given in terms of the maximum magnetic induction B. 
Upon substituting in the above expression the obvious 
relationship /2 = r2jB2/o.08 we find that the eddy loss 
in watts/cm^ is x 6 x which is the 

ordinary formula for the eddy loss in thin sheets.* 
Thus the proximity of the second cable has the effect 
of increasing this loss in the ratio (2 — K^)l{2 — 2K^), 

Our calculation has proceeded thus far on the 
assumption that in each element of the sheath the 
distribution of the flux is substantially uniform through¬ 
out its, thickness. This, as Sir J. J. Thomson has 
pointed out,t is true only if the product ^>S'V(iu/)/v'p 



The distribution of this radial field about the cable 
is a matter of considerable interest. • In Fig. 3 the 
sheaths of two cables having centres at A and B are 
indicated by the full and the dotted circles respectively. 
The full curve about A having two lobes indicates the 
disti^bution of radial flux about the cable A due to the 
current in B. The figure is so drawn that all radial 
lengths such as CD indicate flux densities along those 
radii. The lower lobe is really of opposite sign to the 
upper, but this is not indicated in the figure. The flux 
density is a maximum at a point on the circumference 
depending upon the ratio /C, and the exact value of 0 
for this maximum is ascertained by differentiating 
expression ( 6 ) and equating to zero. We thus find:— 

^2max- occurs when cos 9 == 2KI(K^ -f 1 ) 

For the conditions illustrated in Fig. 3 the angle 6 
at which maximum flux density occurs is 36° 52' from 
the horizontal, the lead sheaths being then in contact. 
As they are separated further and further, K becomes 
smaller and smaller and the angle gradually becomes 



is small. Now for lead = 1 , 8 = 0^25 (about), and 
p‘=:20 000 C.G.S. units (about); Thus in Thomson’s 
sense this product is always small, for with a frequency 
of 50 it is of the order 0-04; whence we conclude that 
for a lead sheath our assumption is justifiable. 

Radial field, —Similarly, considering the normal com¬ 
ponent of the field in the sheath of cable A due to the’ 
curreijt in cable B, we" have (see Figs. 1 and 2 ) 

R 0 ^ 2 /sin (277/g) . I sin 0 
2 ^,2 ^ 2rl cos ^ * * * • ( ) 

The flifx through an element of length L and width 
rd0 is 

^ _ 0 • 2/ sin {27rft) . KL sin 0d9 

l 2 iCcos 0 

and the flux through an area Lr0 of the cable sheath'is 
^ 2 = (1 + £2 - iEC cos 0 )J 

when 0 is measured from the neutral line AB (Fig. 1 ). 

tCf. Journal I.E.E,, vol. 33, p. 051; also Steinmetz; “Alter¬ 
nating Current Phenomena.** 3rd edn., chap.#ll. 
t See Eledridan, 8 April, 1892, p. 599. 


greater until /C = 0 , when the cables are at an infinite 
distance apart and 0 = 77 / 2 . It is clear from this figure 
that the lines at C and E running along the cable are, 
as it were, the core ceritre-lines of the flux lobes, and 
will stand in a similar relationship as regards eddy 
cmrents set circulating in the sheath by variation of 
this flux; whereby it is also seen that these same lobes 
might represent to some suitable scale^the magneto¬ 
motive forces due to the circulating currents. In this 
manner they illustrate and enforce a principle which 4 s 
of importance to us and is expressible as follows 

If a magnetic field oscillate through a uniform 
conducting sheet, the eddy currents excited thereby 
will so distribute themselves as to tend to produce a 
magnetomotive force distributed in a mann& similar- 
"»to the exciting flux. 

'' From this principle we infer that the eddy-current 
bands will run lengthwise along |:he sheath and be zero 
at C ; also that they will be . distributed in bands of 
opposite sign on either side of C and of E,^ so that between 
CTand E about AB all the currentds of one sign return- 
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ing along the segment between E and C on the side 
remote from AB. 

The flux through a circuit made up of two elementary 
longitudinal strips of the sheath lying in radial planes 
displaeed by angles 6 and (tt — 0 ), respectively, from 
the plane AB is 

_ Ll sin {27rft) ^ 1 -|- -f- 2K cos 0 

^ io 1 + - 2 a: cos 0 

The E.M.F. acting around the elementary circuit is 

- 27TfLl cos {27rfi) -h + 2K cos 0 
IQO 1 -f- A:2 - 2K cos 0 

Neglecting the resistance of the end paths, the section 
of an element of the circuit is SrdO^ and its length 2L, 
»so that the resistance of the elementary circuit is 
2pBlSrd0. 

Therefore 


di = 

And 


— 27rfLl cos {27rJt)Sr 

2^Ll^ 


log 


l-\-K^-\-2K cos 0 
I + - 2K cos e‘ 


dP = 


2 fl-2/3i/2 cos H2iTft)Sr r, 

-ioi^- 


l + K^ + 2Kcos8^^ . 
l+K^-2Kcosej 


Then the''power loss due to this cause in the upper 
semi-cylinder of the sheath is 


_ 27r2y2i/2 cos2 [2TTft)Sr 

ioi^ 


f 


7r/2 

■[log 


l + Ji:2-|-2iCcos0'|2,^ 
1 + ^2_2Xcos0; ^ 


This expression when averaged over one period and 
divided by rrrL gives the loss in watts/cm^ as 


cases so far as this loss is concerned. In order to arrive 
at the worst possible case, we remark that the presence 
of a second cable enhances the loss due to the oircum- 
ferential field by the multiplier (2 — i.e. 

the loss increases as the cables approach one another, 
up to the limit when their sheaths are in contact. 
Similarly, examination of the expression foiT the radial 
field shows that this also increases up to the same 
limit—^thus the eddy currents are worst when the cable 
sheaths actually touch. 

As regards the question of the relative phase of the 
currents in the two cables, it is evident that if there is 
any phase displacement other than rr (which is the case 
just considered), the resultant field in either sheath for 
a given current is less than the case where there is no 
phase displacement. The case of 3-core cables is out¬ 
side the scope of the present inquiry, and has been 
dealt with elsewhere.* From these considerations we 
conclude that the worst case for the eddy currents that 
we are considering occurs when a pair of single-phase, 
single-core sheathed cables are laid side by side with 
their sheaths in contact, and for this reason we select 
for K, for integrating purposes, the value I-. 

With regard to the question of size, it will be evident 
that the greater the size of the core and the smaller 
the diameter of the sheath, the greater will be the loss ; 
thus low-tension cables are in a much worse position 
than high-tension cables, and if the losses in the former 
are small those in the latter will be negligible. 

For our table of values we therefor^ select standard 
660-volt paper-insulated cables with standard thick¬ 
nesses of dielectric and leitd sheathing, and taking the 
six largest of these we calculate the following losses :— 

(1) Core copper loss, assuming the maximum current 

allowable by the I.E.E. Wiring* Rules. 

(2) Loss due to eddy currents produced by the 

circumferential field in the case of a pair of 
cables laid side by side with their sheaths in 
contact. 

(3) Loss due to eddy currents produced by the radial 

field under the same conditions as (2) above. 


27TpI^S 




r/2 

log 


1 -f i2:2+ 2 ^cos6>1^^ 
l-^K^^2KcosdJ 


We have not~succeeded in obtaining a- general solution 
of this integral, and in consequence we have been 
co^mpelled to evaluate it for each particular case by a 
method of numerical integration. The formula adopted 
and our reasons for choosing it are given in Appendix II, 
in which is included also a portion of a table of one 
set of the values calculated. 

The power losses as thus deduced are somewhat 
greater than can ever occur in practice, since we have 
neglected the effect of the reaction of the eddy currents 
upon the exciting field, as weU as the resistance of the 
cable ends and the self-induction of the eddy-curreift 
circuit. They are the3;efofe to be regarded as limiting 
values; and if "vve can show that in all ordinary - sizes 
of cable the total effect as calculated is inappreciable, 
it follows a fortiori that the cables will be safe in ah 


Each of the above is then divided by the mean 
cylindrical surface of the lead covering, giving us the 
watts/cm2 which the lead must dissipate in the form of 
heat produced by each of the three causes ; from which 
it is immediately apparent thfl: the loss due to the 
circumferential field is in every case entirely negligible. 
In the last column of Table 1 the loss due to eddy 
currents is shown as a percentage of the cor§ loss. 
This figure is the most valuable as it shcfws by 
how much the power which the lead has to dissipate 
is increased by the use of such single-core cables. 

In the formulae as developed it will be noted that all 
dimensions are in centimetres, but for the convenience 
of English and American cable makers the values in 
the table are in the usual English units. The standard 
English frequency of 50 has been adopted, but for any 
other frequency thli 1tt|Bses may be ea«ily deduced from 
those given' in the table if it is remembered that the 
loss is proportional to /2. 

Jomml LE,E., loc, cit. 
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We think that we are justified in drawing the following 
conclusions from this table :_ 

(1) The eddy-current losses in the lead sheaths of 

standard cables due to causes under (A) 
477) are so small that they cannot even 
in the worst case materially affect the tempera¬ 
ture-rise of the cables. 

(2) Standard cables appear to be so proportioned 

and rated that the copper loss per cm^ of the 
sheath surface is about constant. This is 
to be expected since the currents in coL 2 
have been arrived at by the Institution on 
the basis of a standard temperature-rise, 
and the whole of the heat has to pass through 
the surface of the lead sheath. 

(3) Of the sheath losses so far considered, those 

due to the radial field are far greater than 
those due to the circumferential field. This 
fact may be of importance when armoured 
cables are considered. 


alternating currents. 


(1) Case of a Pair of Single-phase Cables. 

Here again we take t as the mean radius of the sheath, 
and I as the distance between the cable centres, JC being 
the ratio rjl. 

Then, referring to Fig. 4, the total flux between 


Fig. 4. 

the sheaths due to the current 1 sin { 277 ft) in one cable 
and —T sin {27Tft) in the other, is 

^ = 0-921 sin (27rft) logio (per cm length) 




Table 1. 


Sheath Eddy-current Losses in a Pair of Le<zd-sUathed Single-phase Cables. Sheaths in Contaa. 
{p for copper = 1-78/10^ per cm cube; p for lead = 20-8 X 10-6 per cm cube; frequency = 50.) 


Nomiaal core area 

, Ma.ximum 
permissible 
dUrrent (X.E.E.) 

Thickness of lead 

—_ _ 

Mean radius of 
lead sheath 

Copper loss* 

Loss due to 
circumferential 
field 

Loss due to 
radial field 

Ratio: 

Sheath loss_ 

Copper loss* 
cent 

sq. in. 

1-^0 

0-75 

0-60 
* 0*50 

0-40 

0-30 

amps. 

932 

738 

624 

540 

464 

385 

in. 

0-110 

0-100 

0-100 
0-090 
0-090 
0-080 

in. 

0-8346 

0-7266 

0-6616 

0-6086 

0-6635 

0-4906 

1 

watt/cm8 

0-018 

0-01729 

0-01696 

0-01668 

0-01661 

0-01743 

watt/cm* 

7-8 X 10-6 
4-8 X 10-6 
4-2 X 10-6 
2-7 X 10-6 
2-3 X 10-6 
1-6 X 10-8 

watt/cm2 

679-6 X 10-6 
330-6 X 10-6 
236-2 X 10-6 
169-2 X 10-6 
117-5 X 10-6 
71-94 X 10-6 

3-3 

1-97 

1-44 

0-99 

0-74 

0-43 


* Per cm® of mean sheath surface. 


(4) The ^percentages given in col. 8, though small, 
are larger than could occur in practice, since 
the self-induction of the elementary circuits 
has been neglected (see page 480). 

(6) There is no object in considering any cables 
smaller than those given in the table. 

(6) When the value of iC is < J, the loss decreases 
rapidly and need not be further considered. 

We pass next to a consideration of the eddy currents 
under (B) (page 477), on the assumption that single¬ 
core cables are again used but that they are now spaced 
apart and have a heavy metal connection at both ends, 
so that each pair forms a closed circuit enclosing an 
alternating flux. There are only two cases of any 
impoJrtance that are likely to occur in practice, viz. 
when two single-phase cables M^laid side by side, 
and when the three cables of^a three-phase system 
are laid side by side with the di^ance between either 
otltside cable and the middle eqjiial to one-half the 
4istance between the outside cables. 

VoL* 61. 


so that the E.M.F. acting around the circuit composed 
of the two cable sheaths and their bonding is 




1 • 8477/? cos {277ft), 1 - jS: 

-io§- 


(per cm run) 


The corresponding resistance, neglecting that of the 
bonding, is pjmrS. Thus the mean loss per cm^ of 
mean sheath surface is 


_ _ 3 • 386772/2/2^/^ 1 - 2 
^- \p . 1016 ■■ j 

=(S'I®(logio——) X 10-7 watts (nearly) for 
“'50 periods per second. 

This is on the assumption that any flux due to one 
cable cuUing the other shea^^ will add nothing to* the 
circulating current, on account of the eddy currents 
which it will induce in the sheath of ^at cable. This, 
although only partially true, is sufficiently near, as will 
presently be seen. 


34 
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In Table 2 we have taken the six sizes of cable given 
in Table l.and calculated the above loss for five values 
of K in each size. We have also given the ratio of 
this skeath loss to the copper loss as a percentage, 
and the actual distance in inches between the centres 
of the cables, corresponding .40 each value of K. 


Table 2. 


Circuit Eddy Losses in a Pair of Standard 
Single-phase Lead-sheathed Cables. 

{p for copper = 1*78 x 10““® per cm cube; p for lead 
= 20-8 X 10“® per cm cube; /= 50.) 


Nominal 

area 

K 

Eddy-current 

‘loss 

Ratio: 
Sheath loss 
Copper loss* 
per cent 

Actual distance, 
centre to centre 

sq. in. 



watt/cm2 


in. 

n 

r 

0-01 

0-0966 

637 

83*4 



01 

0*022 

123 

8*34 

1 J 


0-2 

0-0088 

49 

4*17 



0*3 

0*0028 

16 

2*78 



0*4 

0-00076 

4*2 

2-08 


r 

001 

0*055 

318 

72-6 



01 

0*0126 

73 

7*26 

0-75 J 


0‘2 

0*005 

29 

3*63 



0-3 

0*0019 

11 

2*42 



0*4 

0*00043 

2*5 

1*81 


r 

0-01 

0*039 

232 

66*0 



0-1 

0*009 

53 

6*6 

0-6 J 


0^2 

0*0036 

21 

3*3 



0-3 

0*00133 

7*8 

2*2 


w 

0-4 

0*000306 

1*8 

1*65 



0-01 

0*0265 

160 

61*0 



0-1 

0*006 

36*6 

6*1 

0*6 . 


0-2 

0*0024 

14*6 

3*05 



0-3 

0*0009 

5*4 

2*03 



0*4 

0*00021 

1*2 

1*52 


r 

0*01 

0*0196 

105 

56*4 



0*1 

0*0045 

27 

5*64 

0*4 < 



0*0018 

11 

2*82 



0*3 

0*00066 

4 

1*88 


- 

0*4 

0*00015 

1 

1*41 


r 

0*01 

0*012 

68*8 

49*0 



0*1 

0*0027 

16 

4*9 

0-3 ^ 


0*2 

0*0011 

6*3 

2*45^ 



0*3 

0*0004 j 

2*3 

1*63 


s 

0*4 

0*00009 

0*54 

1*22 

- 


It is manifest from this table that we have here to 
deal with a loss which produce a dangerous heating 
effect. 

We shall postpone the general conclusions derived 
from this analysis until we have examined the case^f 
three-phase systems, to which we how turn^ 


(2) Case of Three Three-phase Cables in One 
Plane. 

We confine ourselves to this case, because when 
single-core cables are used it is usually under cir¬ 
cumstances where this arrangement is 15y far the 
easiest to adopt. Also it may be remarked tha-f the 
only other likely case is that in which the three cables 
are arranged with their centres at the points of an 
equilateral triangle, when the eddy losses do not essen¬ 
tially differ from those in the single-phase case already 
examined. We therefore suppose that the three 
cables are arranged as shown in Fig. 4, and K, 
I and T have the same values as heretofore. The flux 
between the sheaths of A and B (Fig, 4) will be pro¬ 
duced by the currents in A and B, plus so much of the 
flux due to C as lies between these two sheaths; and 
this sum, oscillating at a frequency /, will produce an 
E.M.F. around the circuit composed of A and B and 
their bonding. In this case, as in the previous one, 
we suppose that the flux linked with only part of the 
sheath is producing eddies in the sheath as already 
calculated, so that no difference of potential exists 
between A and B on account of it. This is not strictly 
accurate, but it is quite within the limits of the errors 
inherent in the calculation. 

The E.M.F. arrived at in this way,•when squared 
and divided by the resistance of the two sheaths in 
series, gives the watts lost due to this‘cause, but there 
will be a further loss in cable A due to a similar current 
flowing along it and retuAiiiig via cable C. This will 
be produced by the E.M.F. due to the flux common to 
A and C. If B did not exist, there would be no difficulty 
in calculating the value of the current; but its presence 
renders the result somewhat doubtful. Proceedy^g, 
however, on the same assumption as before, viz. that 
partial linkages do not contribute to the current with 
which we are now dealing, w'-e may estimate the losses 
in either A or C. The loss in B is in*any case smaller,, 
having the same value as for a single-phase cable carrjdng 
a like current, so that the limiting safe distance at 
which the cables can be spaced is determined by the 
losses in the outers. 

Taking then the currents in A, .B and C to be 
1 sin {27ft), 1 sin {27rft -f 27r/3) and 1 sin {27rft -f 47r/3), 
respectively/we find that the mean power lost in either 
A or C due to the current flowing between either and B is 


Ssjlcos B' + cos {e' - J) logi^ 


27rp 


+ cos(0'+|)log^}V 


where 6' = 27jft. 

Writing the R.M.S. value of the current in either 
of the three cables as I, we have :— 


Mean power lost per cm^ of mean^heath surface due 
to this current 


47r2/2J2^ 

p.lOi® 
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Similarly the mean p(jwer lost per cifl2 to the 
current common to A and C is 




ioi»p u”® i:(i + K) 

The total mean loss per cm^ in either outer is therefore 


lOiSp V 


■K\^ 


K 


+ 


+ 1-6 


-^\a 


1 

( 1 - 






■s:(l + K) 


T} 


Now the loss in the middle cable may be written:_ 

16^2/2725-^^ 1 - ^ 




?/, 1 - 2 


and by taking a series of values for K we may compare 
the losses in either of the outers with that in the cable 
B. This has been done in the following table, from 
which it will be seen that the ratio of the two is nearly 
constant, and may for all practical purposes be taken 
as 1-4. 


(5) From the point of view of temperature-rise, the 

question of the length of the run has nothing 
to do with the advisability of using single-core 
cables, since so long as they are parallel the 
loss is proportional to the length, asMs also 
the cooling surface. 

(6) The sheath circuit-eddy loss is a far more serious 

matter than the sheath eddy loss. It is 
greatest in the outer cables of a parallel three- 
phase main, and has in that case a value 
approximately 1*4 times as great as in the 
case of a single-phase main carrying the same 
current. 

(7) Assuming that it is not desirable that the sum 

of the sheath and sheath-circuit losses should 
exceed 10 per cent of the copper loss in the 
cable, then in laying such cables either metallic 
connection at more than one place between 
the sheaths must be avoided, or the distance 
from centre to centre of standard cables as 
compared with the mean diameter of the lead 
sheath should not exceed the following Hmits:— 


Table 3. 


Safe distance, centre to centre 


Ratio of Losses (OuUrlMiddle) for a Three-phase Cable. 


K 


Ratio 


0*4 

0-3 

0*2 

0*1 


1*44 

1*42 

1*37 

1*34 


iNominai core area 

Single-phase 

Three-phase 

sq. in. 

in. 

in. 

1-0 

2-2 

2*0 

0*75 

2*2 

2-0 

0*6 

2‘2 

20 

0*5 

2*3 

21 

0*4 

2*6 

2-25 

0*3 

31 

2-6 


These values hold, whatever be the material of the 
sheath. 

General Conclusions for Lead-sheathed Cables. 

The formulae developed in this paper are general 
as regards the_ material of the sheath, since the specific 
resistance occurs as a general value, but when applying 
the expressions to find safe limits for any particular 
case the corresponding value of p must be inserted, 
as has been done in Tables 1 and 2, and in the summary 
on page 481. We may now draw the following con¬ 
clusions :— 

(1) In all single-core cables sheath eddies exist. 

The loss due to them is greatest when the 
sheaths are closest together, and diminishes 
as the distance between neighbouring cables is 
increased. 

(2) In the largest low-tension cables made, the sheath 

eddy loss never exceeds 4 per cent of the copper 
loss in the core, and consequently is of little 
importance as a heating effect. 

(3) No sheath loss except that due to sheath eddies 

can exist unless the sheaths are connected at 
more than one point by conducting material. 

(4) With modern switchgear it is not usually* possible 

to avoid connecting at moi^ than one place. 


These are the most important sizes, and all 
the figures refer to standard low-tension lead- 
sheathed paper cables. For smaller areas the 
safe distance rapidly increases, but for any 
special case the safe distance can easily be 
calculated from the formulae given. It" will 
be noted that in all cases, except the three 
largest, the allowable spacing falls within 
the dimensions of standard porcelain cleats 
in racks, so that the following recommendation 
may also be added :— 

(8) For all cases, both high and low tension, it is 
safe to use. standard porcelain cleat racks for 
single-core lead-sheathed cables, provided that 
the core area does not exceed 0-5 sq. in. 

^It should be noticed that the cases specifically 
considered in the paper are the worst that can 
occur in practice, our object being to discover safe 
limits rather than to tabulate exact losse&j In the 
gase of high-tension cables, for example, where the 
mean radius of the sheath is so much larger as com¬ 
pared with the core diameter, there is no likelihood 
of serious heating due to shearth losses, unless the spacing 
of the cables is quite unreasonably large. We should 
regard 3 inches to 3|- inches as being perfectly safe 
for all ordinary cases. 
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On the other hand, to reduce dielectric stresses it 
is now not unusual to construct high-tension cables 
with a jute core. In this case the ratio [(mean radius 
of sheath)/(core diameter)] is reduced again, but so 
also is^the current-carrying capacity of the core. On 
the whole 4:hese two ejffects leave the general conclusions 
at which we have arrived unchanged, but special cases 
must be specially treated. This matter has been fully 
considered elsewhere,* as well as the sheath circuit 
eddies produced in a three-phase single-core-cable system 
with symmetrical spacing. 

The chief sources of error in our calculations are those 
due to neglect of (a) bonding resistances, and (6) self- 
induction. The former is indeterminate, dependent 
upon circumstances, and reducible by care to a negligible 
quantity. The latter is by no means negligible, and 
its values have been calculated in the paper already 
quoted. Its effect is always to reduce the sheath 
circuit eddy, and thus provide a margin to the limits 
we have assigned. This margin, however, becomes 
of practical importance only in high-tension cables 
where the dielectric thickness is considerable. 

There is one other matter for precaution to which 
we should direct attention. If to avoid sheath circuit 
eddies the sheaths are not bonded, a considerable 
E.M.F. may exist between a pair of sheaths, which in 
the case of high-tension cables may be really dangerous 
both to the cables and to those handling them. This 
voltage is easily calculated from the formulas already 
given, and its magnitude as well as various methods of 
earthing to avoid its effects without actually closing 
the sheath circuit have been discussed by Clark and 
Shanklin in 'The paper already referred to. It will be 
noted that the analysis always points to the desirability 
of laying the cables as close to one another as possible. 
Nevertheless, we do not recommend placing them with 
their sheaths in contact. We think that the best plan 
is to cover the lead with a serving of jute, tape or 
braid, in which case the cables may lie in actual 
contact. Without this precaution it is possible that at 
the points where lead actually touches lead, pitting 
may occur and ultimately lead to a breakdown of the 
sheath. Therefore, if such a serving be not adopted, the 
cables should be definitely spaced by cleats. 

Armoured Cables. 

We have no;fc yet considered any case in which the 
sheath is of magnetic material, for the simple reason 
that such sheaths almost always take the form of wdre 
Of tape armouring. The determination of the resist¬ 
ance to eddy currents of such a sheath is almost impos¬ 
sible except by means of experiment, and a series of tests 
has been instituted at the Birmingham University 
to discover the limits in such cases and to supplement 
the work of Whitehead and Fisher, f These will be 
published later. In the meantime it seems reasonable 
to ask, ^ a result of this investigation, that supp]^ 
undertakings should withdraw the embargo that in somie 
cases has been laid u]g|omthe use. of single-core cables 

vol Institute of Eledrical Engineers, 1919, 

vol im 


for low-tensicfn a.c. systems, find substitute therefor a 
permission subject to the limitations here set forth. 
We further think that such limitations mighlf well 
receive the attention of the I.E.E. Vihring Rules Com¬ 
mittee, with a view to including them in the Wiring 
Rules; and we wish to thank Mr. Julius. Frith, a 
member of that Committee, for drawing oui^ attention 
to this matter and for suggesting the investigation. 


Case (a) 


r^TT 

■~Jo^ 




de 


- [(H-iTS) being 


[l+K^- 2K cos 6)^' 

positive and — {2K) numerically less than (1 + K^, 
and K being not greater than 0-5.] 

ov*-** (1 + K^) cos e - 2K 

Substitute cos 2 , = ^-^^^g—. (1) 


Then 


• sm ydy == 


• sin g(l - K^)^de 


... ( 2 ) 


(l+K^-2Kcos0)^ 

Also cos 2/(1 + - 2K cos 0) = (1 + K^) cos 0 - 2K. 

Therefore sin 0 = —— K ) sin y ^ 

1 -f _j_ 2 K cos y * w 

From (1), as d varies from 0 to 27r, y varies also from 
0 to 27r, whence 




dd 


(1 +X2- 2E:cos0)2 

P" - sin ydy[\ +KP‘-2K cos 0)2 
J - sin 0(1 - iC 2 ) 2 (i + JC2 - 2^ cos 0)2 • 

Substituting for dd from (2), and for sin 0 from (3). 
we have 


(4) 


_ r 1 

Jo(i-a:2)s 


(1 + ^2 2J: cos y)dy 


~ (1 — .K2)8 + 2 ^ sin 2/J 

2ir(l+.K:2) 


2»r 

0 


Case (6).- 


(1 ~ X2)3 

p. 1 




,d0 


- ir2 - 2iC cos 0' 

See Todhunter’s “ Integral Calculus ” (1880)‘p. 278. 


APPENDIX II. 

Method of evaluating the expression 

1+ iC2 + 2X: cos 0-^ 2 

1 +E:2_ 2X:cos10/ 

The value of this ^integral was obtained by a metbod 
derived from Newton’s interpolation formula. 


Pit 2 

{log 
Jo ^ 


dd 
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The general expressioA is 
^ Ta + rw 

- f{x)dx=^fo+f^+f.^ + 

Ja 


TV(8/f^§ — 8/^) 

— + SVi) 

- ~ 83/.) 


• +/j‘~l + ifr 


— etc. 

Here /_ 2 , /-i, /o, /i, f.^, /s, . . are the suc¬ 
cessive .calculated values of the function/(a;) correspond¬ 
ing to definite constant increments w of the variable x. 
Also 

S/-i =/o -/l. 


is assumed that the function and its differential coeffi¬ 
cients up to the order of differences employed are 
continuous, which in the present case is obviously true. 

It will be seen that the value of the integral can by 
these means be obtained to any desired degree of 
accuracy, which is our reason for preferring it to any 
of the simpler and more ordinary methods, such as 
Simpson's or Weddle's rule. 

In the case under consideration, the values of the 
function were calculated for every 10® increase in 6, 
giving 10 values in all for /o, /i, /g, /s, etc., so that 
w = 7r/18 radians. The differences were taken as 
far as the ninth order, the final differences being of 
the order of 1/125 of the value of /q. It will be seen, 
therefore, that the convergence is sufficiently rapid 
for the accuracy required. Since K is taken as 0*5 
the integral required is 


—/o» similarly 
8% = 8/| — 8/j, etc. 

The most convenient way of arriving at the integral 
is to tabulate the successive values of the function 
and the successive differences in a series of parallel 
vertical columns, from which the required values are 



1 • 25 + cos 9^ 2 
1^25 - cos ej 


and the following table is a small portion of the actual 
calculation, inserted here to illustrate the method 
of setting out the values. The figures are logarithms 
to the base 10. 


e 

A6) 

A 

AS 

AS 

A4 

0® 

0-91056 







- 0-05366 




o o 

O O 

0-86690 

- 0*13680 

- 0-08314 

0*04925 


0*72010 

- 0*17069 

- 0-03389 

0-03917 

- 0-01008 

o 

O 

CO 

0*64941 

- 0*16541 

0-00628 




o 

o 

0*38400 

etc. 

etc. 

etc. 

etc. 


ascertained and then inserted in the formula, in accord¬ 
ance with the general expression. The order of differ¬ 
ences up to which the calculation is carried must of 
course depend entirely upon the rapidity with which 
the differences decrease as their order increases, and 
the process is useless unless the series converges. It 


Completing the table in this way and substituting 
the values derived from it in the formula, together 
with their appropriate coefficients, the final value 
of the integral was found to be 3*16386, from which 
the values in col. 7 of Table 1 in the paper have been 
calculated. 
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I. DEFINITIONS AND TERMINOLOGY. 

(a) Definition of Pressboard, 

The term ** Pressboard denotes all materials mar¬ 
keted as Pressboard, Presspahn, or FuUerboard, which 
materials are made by a paper-making process from 
vegetable fibres, but differ from papers in that they 
are made qn a “ Boardmachine, and are afterwards 
subjected to great pressure in order to remove excess 
of water and to close up the sheet, thus producing 
a solid board. The boards are afterwards dried, 
and, if specified, are glazed by calendering and 
planishing. 

Note.—^S trawboard is not included, as‘its use is 
considered undesirable for electrical work. 

(&) Terminology, 

(i) The term “ Longitudinal ’’ denotes the directi«m 

parallel to that in which the material travelled 
during manufacture. 

(ii) THe term ** Transverse denotes the direction 

at right angles to that described in (i^ 
above. 

(ui) The term Perpendicular denotes the dkectioir 
at right anglesrto "the thickness of the material. 

Note.—W hen the material is built up of superposed 
layers having the grain'' at right angles, there is no 
definite longitudinal or transverse direction. 


Three classes of Pressboard are recognized, as 
follows :— 

Class A, —^Hard, non-porous, untreated pressboard, 
having a density exceeding 1*15 after 18 hours' drying 
at 80° C., and characterized by a relatively high electric 
strength. 

Class B, —Soft, untreated pressboard having a density 
less than 1*15, but not lower than 0*90, after 18 hours' 
drying at 80° C., and consequently having a relatively 
lower electric strength combined with greater absorption 
than Class A pressboard. 

Class C .—^Pressboard impregnated during manufac¬ 
ture with varnish, oil, wax, and the like, or otherwise 
treated to improve its electrical properties. 

n. TESTS. 

(1) Conditioning of Specimens for Test. 

Before the tests specified in Clauses 2, 3, 4, 5, 13, 14, 
and 15 are carried out, the specimen ^hall be dried 
at a temperature from 75° C. to 80° C. for 18 to 24 hours, 
and the test shall be conducted as soon «,s the tempera¬ 
ture of the specimen has fallen to 20° 6. (±5° C.). 

(2) Tensile Strength and Extension. 

The specimen shall be conditioned in acccyrdance 
with Clause 1 before the tests for tensile strength and 
extension are carried out. 

The form and dimensions of the specimen for te'St 
shall be as shown in Fig. 1. The thickness of the 
specimen shall be the thickness of the material. 

The specimen shall be,tested to ascerl^ain the ultimate 
tensile strength and extension on a three-inch gauge 
length. 



Fig. 1.— Specimen for Tensile Strength and Extension ^ests. 


The.load shall be increased steadily at such a rate 
that the specimen breaks in about two minutes from 
the time of the application of the load. 

The ultimate tensile strength shall be expressed in 
lb. per sq. in. (kg per cm^). The extension shall be 
expressed as a percentage on the original gauges 
length. 

(3) Compression Stren&th. 

The apecimen shall be conditioned in accordance 
with Clause 1 befqjre the compression strength testris 
carried out. 
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The form of the specimen for test shall be either a 
cylinder 1 inch long and 3 inches diameter, or a prism 
1 inch long and 3 inches square, the specimen being 
built up with sujO&cient layers of the material. 

The compression faces of the testing machine shall 
be 2 iifches diameter. 

The specimen shall be set up for testing so that its 
centre line is co-axial with the eentres of the compression 
faces of the testing machine. 

The layers of the material shall be bedded together 
by the application of an initial load of 100 lb. per 
sq. in., and the first measurement of the length of the 
specimen shall be taken under this load, which shall 
be included in the load registered in each case. 

A series of tests shall then be carried out by the 
application of increasing loads, in steps of 1 600 lb. 
per sq. in., each of which shall be maintained for one 
minute ; and the 3 deld of the specimen shall be measured 
at the end of each period. The tests shall be continued 
until the specimen has yielded 25 per cent of its original 
length when measured as stated above, or the load 
has reached about 6 tons per sq. in. 

(4) Shearing or Tearing Strength. 

^'The specimen shall be conditioned in accordance 
wdth Clause 1 before the test for shearing or tearing 
strength is carried out. 

(а) Sheaving Strength. 

Materials above 1/32 inch (0-8 mm) thick up to 
and including J inch (3-2 mm) thick shall be tested 
to ascertain the pressure required to punch a hole 
J inch diameter. 

The load shall be applied steadily, and shall be 
increased at a rate of about 100 lb. per minute for 
each J/32 inch thiclmess of the specimen. 

The clearance between the punch and the die shall 
be negligible, as obtained by trimming the punch with 
the die. 

The pressure required to punch the hole shall be 
expressed in lb. per sq. in. (kg per cm2). 

Materials above J inch (3*2 mm) thick shall be 
tested as follows :— 

A specimen, the dimensions of which shall be 6 inches 
(127 mm) long, and 2j inches (64 mm) wide, shall 
be clamped in a shear testing machine so that both 
ends of the specimen are sheared off simultaneously. 
The pressure required to produce shear shall be com¬ 
puted on the total area of the sections sheared, and 
shall be expressed in lb. per sq. in. (kg per cm2). 

(б) Tearing Strength. 

Materials up to and including 1/32 inch (0-8 mn^ 

thick shall be tested for tearihg strength as follows :_ 

The form and dimensions of the specimen for test 
shall be 6^ inches square. 

The tearing strength shall be the load required to# 
tear the specimen commencing from a hole 3/32 inch 
(2*4. mm) diameter punched out of the specimen.* 
The position of the hojle End the application of the 
load shall be as Shown in Fig. 2. 

Three longitudinal and three transverse tear tests 


shall be carried out on each material under test. The 
maximum, mean and minimuSn values shall be stated. 

The load required to tear the specimen shall be 
expressed in lb. (grammes). ^ 

(5) Cohesion between Layers (Splitting Test). 

The specimen shall be conditioned in ^cordance 
with Clause 1 before the test for cohesion between 
layers is carried but. 

Cohesion between layers shall be tested by one of 
the following methods :— 

{a) A specimen shall be cut to the following dimen¬ 
sions :— 

Width == 1 inch. 

Thickness = Thickness of the material. 

Length = Four times the thickness plus J inch. 

The specimen shall be supported on V supports 
spaced apart at a distance equal to four times the 
thickness of the material under test. A load shall 
be applied centrally on the specimen and increased 
uiitil failure occurs. The load required to produce 
failure and the nature of the fracture shall be stated. 

(b) A specimen 2 inches square shall be tested to 
ascertain whether it is possible to split the material 
parallel to the laminations, when a. split has been 
started at one corner by the insertion of a knife. 

(6) Flexibility (Bending Test). 

Flexibility Tests shall be carried out on the material 
as follows:— 

(a) Cold (before Baking). 

Each specimen of every thickness up to and induding 
0*020 inch shall be bent longitudinally and trans¬ 
versely flat on itself, and the effect at fiie bend sh^l 
be stated. 

Each specimen of every thickness above 0*020 inch 
shall be bent longitudinally and transversely through 
an angle of 90®, and the effect at th% bend shall be 
stated. The diameter of the pin round which the 
specimen is bent shall be in accordance with the 
appropriate value given in Table 1 below 


Table 1. 

limits of Thickness of Specimen, inch 

Diameter of 
Pin, inch 

Above 0*020 up to and including 1/32 


Above 1/32 up to and including 1/16 

|. 

Above 1/16 up to and including J .. 

1 


(Z>) After Baking. 

The specimen shall be heated at a temperature from 
105® C. to 110® C. for 48 hours, and shall then be bent, 
longitudinally and transversely through 90®, and* the' 
effect at the bend shall be stated. The diameter of 
the pin round which the specimen is bent shall be in 
accordance with the appropriate value given in Table 2 
below. 
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Table 2. 

<9 


fl* Limits of Thickness of Specimen, inch 

---IL-- - 

Diameter of Kn, 
inch 

Up to and including 0*010 .. 


Above 0* 010 to 0 • 020 


'Above 0*020 to 1/32 

1 

Above 1/32 to 1/16 . . 

4 

li 

Above 1/16 to 1 

2 


(c) After Heating in Oil. 

The specimen shall be heated in transformer oil, 
complying with British Standard Specification No. 148 
for light grade oil, at a temperature from 115° C. to 
120° C. for 48 hours, and shall then be bent longitudinally 
and transversely through 90°. The diameter of the 
pin round which the specimen is bent shall be in 
accordance with the appropriate value given in Table 3 
below. The effect on the specimen shall be stated. 


Table 3. 


Limits of Thickness of Specimen, inch 

Diameter of Pin, 
inch 

Up to an(Wncluding 0*010 .. 


Above 0 * 010 to 0 • 020 

1 

Above 0*020 to 1/32 

li 

Above 1/32 to 1/16 .. 

4 

Above 1/16 to J 

2 


RESEARCH TESTS. 

(7) Electric Strength. 

Note.—T he following methods for the determination 
of the electric jtrength are recomnaended when the 
characteristics of the pressboard are not known, and 
when a thorough investigation is required to ascertain 
the electric strength of the material under probable 
service conditions. 

[а) General. 

It is of primary inmportance that the recognized electric 
strength be that of the material when hot and under 
long continued stress. 

It is desirable to test pressboard at temperatures 
appreciably above its intended working temperature. 

(б) Oonditioning of Pressboard previous to Test. 

As the electric strength of pressboard is largely 
influenced by the moisture content, the characteristic 
curves referred to later shall be obtained for as many 
as possible of the following conditions:— 

(i) Normal Condition. —^This is obtained by per¬ 
mitting the pressboard to absorb its normal 
quantity, of moisture by exposing it to an 
atmosphere of 75 per cept relative humidity 
at a temperature between 16° C. and 25° C. 
for 18 to 24 hours. 


(ii) Dry Condition. —^This is obtained by removing 
from the pressboard as much as possible of its 
free natural moisture by heating it at a tempera¬ 
ture between 75° C. and 80° C. for 18 to 24 
hours. 

(iii) Damp Condition. —^This is obtained by exposing 

the pressboard to an atmosphere of 100 per 
cent relative humidity at a temperature 
between 15° C. and 25° C. for 18 to 24 hours. 

(iv) Tropical Condition (for use when required ^.— 

This is obtained by exposing the pressboard 
to an atmosphere of 100 per cent relative 
humidity at a temperature between 46° C. and 
50° C. for 18 to 24 hours. 


Note.—I f in (ii) or (iii) the pressboard is removed 
from the atmosphere of specified humidity before 



testing, precautions must be taken to prevent appreci¬ 
able change in electric strength from this cause. 

When testing pressboard at the temperatures given 
in paragraph (/), the electrodes should be raised to the 
hi^h temperature before the material is removed from 
the atmosphere of specified humidity. 

(d) Tests in Air or Oil. 

^ The electric strength tests on pressboard shall be 
parried out in air unless the material is intended for 
use in oil-immersed apparatus when tests under* oil 
are permissible. In the case pressboard intended 
for use in air and also in oil-immersed apparatus the 
e€ect of subjection to a damp atmosphere (paragraph 
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(b) (iii)) on the electric strength shall be ascertained in 
air and in oil. 

{d) Method of Expressing Electric Strength. 

A single value for the electric strength of pressboard 
is of practically no use unless the time of application 
of the voltage, the temperat;^re, and the thickness of 
the material are either stated or clearly indicated. 

Instantaneous values obtained on a rapidly applied 
test are usually very high and misleading, being out 
of all proportion to the electric strength obtained by 
the sustained conditions of practice. 



The electric strength shall be given in the form of a 
series of curves, in which the actual breakdown voltage, 
R.M.S. value, is plotted against time and temperature ; 
as shown in Fjgs. 3 and 4 respectively, and the volts 
per mil against thickness as shown in' Fig. 5. 

[e) Time-voltage Curves. 

(i) Electric strength tests shall be carried out so as 
to obtain time-voltage curves showing -Che 
breakdown voltage over the time range from 
jialf a minute to the time required for the 
breakdown voltage to become approximately 
independent of the time. ^ 

Note.—W hen the specimen is tested hot the time 
required for the breakdown to become approximately 
independent of the time of application of the voltage 
may be about 10 minutes. When, however, the tesfs 


are carried q^t at air temperatures (about 20® C.) the 
time may be considerably lohger. 

(ii) In special cases transient voltage tests nfay be 
desirable. 

(/) Temperature-voltage Curves. 

Time-voltage curves shall be obtained for tkTe following 
temperatures;— 

20, 60, 90, and 120° C. (see Fig. 3). 

For a selected number of time values on the time- 
voltage curves a temperature-voltage curve shall be 
drawn similar to Fig. 4. 



Fig, 5 . —Curves showing the relationship between Electric 
Strength and Thickness.^ 

(g) Thickness-voltage Curves. 

(i) When the pressboard is supplied in more than 

one thickness sufficient temperature-voltage 
curves (Fig. 4) shall be obtained to enable 
the thickness-voltage curve to be plotted 
for definite time and temperature conditions 
(see Fig. 6). 

(ii) One of the thickness-voltage curves shall be 

plotted from the one-minute values and another 
from the values at which the breakdown voltage 
is approximately independent of the time (a?) 
durmg which the voltage is applied (Fig. 5). 

Note. —For both the above curves the recognized 
standard temperature is 90° C. for B.E.S.A. Class %. 
insulation. 

In plotting the thickness-voltage cun^'es, the values 
on the •vertical axis should be expressed in volts per 
mil, and not in tqjrms of breakdown voltages. 
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{k) Calculation of Electric Strength, 

(i) Curves.—Eor drawing the time-voltage curves 
suf&cient tests shall be made to enable fair 
curves tdibe drawn over the time range under 
investigation. 


In ordef^ that some indication may be given of the 
uniformity of the material, all the experimental values 
shall be shown, and when considerable variation is 
found, this fact shall be specially mentioned. 

Note. —^As the temperature-voltage curves are taken 
from the mean curves drawn through the values obtained 
on the time-voltage tests, the experimental points can- 
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Fig. 6.—Electrodes for Electric Strength Test. 


nq|: be indicated on these or on the thickness-voltage 
curve. 

(ii) Measurement of Thickness- —^The thickness of the 
pressbo^rd shall be determined, as specified 
in Clause 14, by means of a suitable micro¬ 
meter. 


[j) Test Eqf&pment, 

(i) Output of Testing Set, —^The output of the testing 

set shall be sufiSlcient to maintain on the sample 
under test the necessary voltage for the maxi¬ 
mum period required. 

(ii) o Frequency, Wave Shape, etc, —^The frequency of the 

supply voltage shall be approximately 50 cycles, 
and if different its value shall be stated. The 
wave shape shall be as near sinusoidal as 
possible, and the conditions of the test such 
as to prevent any high-frequency oscilla¬ 
tions. 

Note. —^In carrying out electric strength tests the 
voltage should be increased smoothly, preferably by 
j&aeans of a suitable resistance in series with the field of 
the alternator. When the voltage is varied by means 
of a resistance in'^eiies with the primary of the testing 
transformer the wave shape is liable to be distorted. 
If>the wave shape is not known to be satisfactory, it 
should be checked whilst a sample® is under test, and 


near the point of breakdown, by means of either a 
spark gap or a crest voltmeter. 

(^) Electrodes. 

The bottom electrode shall consist of a fiat disc of 
brass 3 inches diameter by J inch thick. 

The top electrode shallaconsist of a solid cylinder of 
brass inches diameter by 1|- inches long. 

The sharp edges shall be removed from the electrodes, 
but the radius at the edge shall not exceed 1/32 inch 
(see Fig. 6). 

Note. —If the surface of the pressboard is irregular, 
or any difficulty is experienced in obtaining good 
contact, tinfoil should be interposed between the 
electrodes and the dielectric. 


ABRIDGED TESTS. 

Note. —^The following methods for the determination 
of the electric strength of pressboard are recommended 
when it is not required to ascertain the characterigjbics^ 
of the material under all of the conditions provided 
for above. 

(/) Conditioning. 

(i) Prior to test the materials shall be exposed to 

the '' Normal atmosphere as described in 
paragraph (6) (i). 

(ii) If it is claimed that the pressboard has special 

non-absorptive properties, it shall also be 
tested after exposure to either Damp or 
Tropical conditions, as described in para¬ 
graph (6) (iii) and (iv). 

{m) Method of Expressing Electric Strength, 

The recognized method of expressing the electric 
strength of pressboard subjected to these abridged tests 
shall be the voltage required to produce breakdown in 
one minute when the material is at a temperature of 
90® C. For ease of comparison the volts per mil, followed 
by a statement of the thickness to which it refers, shall 
also be given. 

Note. —In the past it has usually been the practice 
to take the electric strength of an insulating material 
at air temperature, and by a rapid application of the 
voltage. Until the recognized standard of one minute 
at 90® C. has come into general use, it nsay occasionally 
be desirable for comparative purposes to determine 
also the electric strength when the voltage is rapidly 
applied at air temperature. 

•(») Time-voltage Curves, 

In order that the voltage required to produce break¬ 
down in one minute may be accurately detenjjined, the 
following procedure shall be adopted :— 

* A test shall be carried out by increasing the voltage 
as fast as is consistent with obtaining satisfactory 
readings of the measuring instrument. The pressboard 
shall then be subjected to two-ttiirds of the breakdown 
voltage ‘ obtained on a rapidly applied test, and the 
time required to produce breakdown noted. 
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From the results of this test an approximate value 
can be obtained of the voltage that will produce break- 
do'sra in about one minute ; and this estimated voltage 
Shall then be applied and the time required to produce 
breakdown noted. From this latter result a still closer 
approxiniation can be made. In addition to the rapidly 
applied test, at least five pi^nctures shall be obtained 
on each sample and the values plotted on a tbne-voltage 
curve, similar to Fig. 3, but for the time range round 
one minute only. From the curve the voltage required 
to produce breakdown in one minute can be determined. 

(o) Other Factors, 

In conducting the abridged tests for electric strength, 
the conditions specified for the other factors entering 
into electric strength tests are the same as for the 
research tests dealt with above. 


(8) Shrinkage and Swelling. 

A specimen 6 inches square shall be cut from the 
material as received, and the length, width, and 
thickness measured. 

The length and width respectively of the specimen 
"shall be the mean of ten measurements taken at points 
equally spaced along each of two edges at right angles. 

The thickness of the specimen shall be the TnAs p of 
ten measurements of thickness taken at points equally 
spaced around the edges. The measiurements shall be 
made by means of a noicrometer or other suitable method. 

Shrinkage shall be determined by the following 
methods:— 

{cl) The specimen shall be dried for 48 hours by heating 
uniformly in an oven at a temperature from 105® C. 
to 110° C., and the length, width, and thickness shall 
then be measured as above. 

Comparison shall be made between the mean values 
of the dimensions before and after the heat treatment, 
and the percentage difference computed on the original 
mean values respectively shall be stated, the original 
mean values being given. 

^ {b) The diameters of a ring approximately 4 inches 
internal diameter and 6 inches external diameter shall 
be measured longitudinally and transversely. The ring 
shall be immersed in traiisformer oil, complying with 
British Standard Specification No. 148 for light grade 
oil, at a temperature from 105® C, to 110® C. for 120 
^ours. The diameters shall then be re-measured as 
before at atmospheric temperature. Comparison shall be 
nsade between the values of the diameters before and 
after the immersion in oil, and the percentage 
difference computed on the original values" shall be 
stated. 

The thickness of the ring shall be measured at ten 
equidistant points around the circumference before and 
after the immersion in oil. Comparison shaU be made 
between the mean thicknesses before and after the 
imnaersion in oil, and the percentage difference computed 
oil the original mean thickness shah be stated, the 
original mean thickness being given. 

Swelling shall be determined by the following 
method:— 


The squafe specimen used^in the shrinkage test shall 
be exposed to a jet of steam at a temperature from 
105® C. to 110® C. for 6 hours and the thickness 
re-measured as before. 

Comparison shall be made between the mean thick¬ 
nesses before and after the exposure to steam, and the 
percentage difference computed on the me^ thickness 
after drying shall'be stated. 

(9) Freedom from Chemical Reaction. 

The material shall be tested for freedom from acids 
and alkalis in the following manner:— 

Cut up 30 to 40 grammes of the dried material into 
small pieces, care being taken to separate the various 
layers thoroughly.^ Weigh off duplicate samples of 
10 grammes each, introduce each into a 250 cm^ flask 
and add 200 cm^ of distilled water. Boil gently for 
about one hour, allow the solution to cool, and then 
filter at the pump. Wash each sample of pulp twice 
with 75 cm3 of warm distiUed water, then titrate the 
filtrates, using methyl orange as indicator, emplo 3 dng 
one sample for the acidity test and the other for the 
alkalinity test. 

The solution shall show no sign of. acidity. 

^ If the indicator shows the solution to be alkaline, 
titrate (neutralize) it with a standard centi-normal 
solution of hydrochloric acid :— 



The pulp shall be again similarly treated repeatedly 
until the filtrate requires only 2 or 3 cm^ of—- 


to neutralize it. A Blank Test»» of the water shall 
be made in a similar manner and allowed for if necessary. 

The number of cm® of the standard centi-normal 

solution of hydrochloric acid required to 

neutrahze 10 grammes of the material shall be stated. 

Note I.—^The presence of glue or albuminous matter 
may vitiate the result to some extent. 

Note II. ^The test specified above indicates mineral 
acids only. If the total acidity of the material is 
required, including organic acids which may be present, 
the method outlined above should be slightly modified 
by boihng the material in methylated spirit instead of 
in distilled water, and by titrating with phenolpiithalein 
in place of methyl orange. 

(10) Freedom from Conducting Particles and 
Pinholes. 

These tests shall be carried out by one of the 
following methods :— 

{a) Thick Materials, 

In t£e case of materials thicker than 1/16 inch^ a 
specimen 6 incheS x 4 inches shall be photographed 
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by X-rays. The numbe? of metallic particles and 
pinholes per square foot shall be stated. 

(b) Thin Mater^ls.* 

In the case of materials up to and including 1/16 inch 
thick specjjnens not less than 12 inches square shall be 
testdd by the following methods:— 

(i) The specimen shall be saturated with a dilute 

solution of hydrochloric acid, specific gravity 
approximately l«l, and then immersed in a 
potassium ferricyanide solution to precipitate 
the iron present. Each iron particle will 
produce a blue spot on the paper. 

The number of deeply stained particles per 
square foot of the specimen shall be stated. 

(ii) A 1 per cent solution of silver nitrate shall be 

applied to the surface of the specimen. Each 
metalhc particle will produce a black spot on 
the specimen. 

The number of black spots per square foot 
of the specimen shall be stated. 

(iii) The specimen shall be dipped into a 1 per cent 

solution (by volume) of acetic acid, and then 
allowed .to air-dry for one hour while lying 
flat on a cloth. 

When dry the specimen shall be ‘dipped 
again tn a solution containing 0*1 cm3 acetic 
acid and 0*1 gm of potassium ferricyanide in 
100 ciji? distilled water. 

Each metallic irgn particle will produce a 
blue spot on the specimen, and each copper, 
brass, or gunmetal particle a red spot. 

The number of blue and red spots respec- 
tively^per square foot of the specimen shall be 
staged. 

Note. —^The potassium ferricyanide solution should 
be tested before use with some precipitated ferric 
hydroxide dissolved in strong nitric acid, and diluted 
with water. The potassium ferricyanide solution should 
give no blue precipitate or coloration. 

(11) Freedom from Superficial Defects, 

The surface of the material shall be examined and 
its condition with regard to smoothness, uniformity, 
freedom from cracks, flaws, and other superficial defects 
shall Jbe stated, 

(12) Effect of Oil. 

A specimen shall be immersed in transformer oil 
complying with British Standard Specification No. 148 
for light grade oil for seven days continuously at a 
temperature from 100® C. to 105® C., and shall then be 
bent longitudinally and transversely through 90®. The 
diameter of the pin round which the specimen is bent 

♦ The hydrochloric acid in test (i) has a tendency to act upon 
the iron oxides present, thus producing considerable discoloration 
of the specimen. T^t (i) does not readily disclose the presence of 
copper and brass particles. 

Test (ii) detects iron, copper, and brass particles, but it is not 
sufficiently penetrating especially when testing a dark specimen, 
anrt metallic particles well inside the sample may not be disclosed. 
Also, after a short time the discoloration ^fends throughout the 
‘ specimen, thus causing difficulty in detecting the metallic particles. 


shall be in accordance with the appropriate value given 
in Table 4 below. The effect on the specimen shall 
be stated^ 

(13) Water Absorption. 

The specimen shall be conditioned in a-scordance 
with Clause 1 before the^test for water absorption is 
carried out. 

A specimen 3 inches square shall be weighed. The 
specimen shall then be immersed in water at room 
temperature. After 24 hours’ immersion it shall be 
taken from the water and, after removing the surface 
moisture by wiping, weighed again. 

The specimen shall then be replaced in the water, 
and after six days’ immersion re-weighed with the same 
precautions as before. The weight shall be taken to 
the nearest milligramme in each case. 

The percentage absorption of water in each case shall 
be computed on the original weight of the specimen. 

(14) Determination of Thickness. 

The specimen shall be conditioned in accordance 
with Clause 1 before the thickness is measured. 


Table 4. 


limits of Thickness of Specimen, inch 

Diameter of Pin, 
inch 

Up to and including 0*010 .. 

i 

Above 0*010 to 0*020 

L 

Above 0*020 to 1/32 

li 

Above 1/32 to 1/16 .. 

If 

Above 1/16 to J 

2 


Measurements of thickness shall be made by means 
of a suitable micrometer at ten points equally spaced 
around the sides of the sheet. The maximum, minimum, 
and mean values of thickness shall be stated. 

(J5) Determination of Density. 

The specimen shall be conditioned in accordance with 
Clause 1 before the density is determined. 

The density expressed in terms of weight in grammes 
per cm3 shall be ascertained by weighing a specimen 
3 inches diameter, or 3 inches square. The usual pre¬ 
cautions shall be observed in weighing the specimen, and 
the weight shall be taken to the nearest milligramme. 

The area of the specimen shall be computed, in the 
c^fee of the disc, from the mean of ten measurements 
of the diameter at equidistant points around half the 
circumference, and in the case of the sheet from the 
mean of ten measurements of the length and the width 
:fespectively at points equally spaced along each of 
two edges at right angles. The thickness shall be 
determined by making ten igieasurements with a suit¬ 
able micrometer equally spaced around the circumference 
in the case of the disc, and around the sides in the 
<^se of the sheet, and the mean value shall be taken 
in computing the volume of the specimen. 
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in. APPENDIX. 

Method of Ascertaining the Electric Strength 

OF PRESSBOARD WHEN SUBJECTED TO LONG 

A5>plication of A.C. Stress. 

AVlien ki service in electrical machinery and apparatus, 
the pressboard has to withstand voltage stresses for 
long periods of time. As the pressboard is usually 
in contact mth metal parts, which, on account of the 
energy losses in the copper and the iron, are at a higher 
temperature than the insulation, the conditions are 
such that any heat generated in the pressboard itself 
cannot be readily dissipated. 

To investigate the internal heating produced in 
pressboard when under A.C. stress, and to ascertain 
the highest A.C. stress which the materia] can endure 


Microammeter .—^For measurement of leakage current. 
Robert W. Paul, London, N.K. 1 035. 

Resistance: about 900 ohms at 20® C. 

Range: 0~24 microamps, by 0*2 (120 scale 
divisions). 

Note. —If the A.C. component is large an^strument 
of low resistance may be desirable. 

Thermocouple. —^Eureka—copper. 

6| inches each of 0*008 inch covered wire and 
hard soldered to form couple. At the other end the 
copper is soldered to 3 feet 8 inches of 0*027 inch 
covered copper wire, and the eureka to 3 feet 8 inches 
of 0*018 inch covered eureka wire. 

From here copper flexible leads are connected 
to the instrument. 



THERMO JUNCTIOH 

(a)= 1 ^ 2 "coarse felt 

X A-'A" 

Fig. 7, —Connections for ascertaining the Electric Strength of Pressboard when subjected to Long Application of 

A.C. Stress. 


without loss of insulating property as the result of 
excessive internal heating, the following test is recom¬ 
mended :— 

(a) Apparatus Suggested. 

In Fig. 7 is shown a diagram of the connections of 
the necessary apparatus. Particulars of a set of instru¬ 
ments that have been used for this test are given 
below":— 

A.C. Voltmeter. —^Electrostatic, reading to about 120 
volts, capable of being connected across vaiiofls 
sections of a suitable potential dividing resistance 

• connected across the^ transformer secondary. 

Note. —^Any^other d:ype of liigh-voltage measuring 
equipment may be used, 

D.C. Voltmeter .—Reading up to 160 volts in sc^e 
divisions of 1 volt. 


A thermometer is bound to the cold junction 
with tape. 

Resistance = 4*734 ohms at 20® C. 

A eureka series resistance can be inserted to 
increase the range, but this is not required ^except 
for readings in the unstable range. 

Resistance of couple and series resistance = 8*65 
ohms at 20® C. 

Thermocouple Instrument .—^Microammeter by Robert 
W. Paul, London, N.I, 1 136. 

Resistance = 6*1 ohms at 20® C. 

Range, 0-300 microamps by 5 ^60 scale divisions). 

Temperature range: 

Without series resistance: 0 to about 65® C. 

rise. 

With series resistance : 0 to about 90® C. rise. 
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Aiv Tempevature .—By tlfermometer 3 inches from edge 
of specimen, with bulb on the same level. 

Felt Pads .—Coafse green felt, 4i inches x 4^ inches 
X I inch. 

Tinfoil. —4 inches x 3^ inches X 0-0015 inch thick. 

(b) Arrangement of Test. 

The material is cut into rectangles, each 5 inches x 4j 
inches, and exposed to Normal * condition (Clause 
7 (5) (i) ). After conditioning, sufficient of these to 
form a pad approximately 30 mils thick are carefully 
laid and pressed together so as to exclude entrapped 


microammeter by which unidirectional leakage current 
is measured. 

(c) Method of Test. 

An A.C. stress of definite moderate gradient* (volts 
per mil thickness) is applied and maintained until 
temperature and leakage Current attain steady values. 
The gradient is then increased, and again held until 
results are steady. This procedure is repeated until a 
gradient is reached at which temperature and leakage 
current will not settle down to steady values, but 
rapidly increase to a destructive condition. At this 
stage, unless interrupted, charring and complete break- 



air. On each side of the pad a tinfoil 4 inches x 3|- 
inches is pressed into contact. The specimen with its 
tinfoils is placed between two 4| inch X 4j inch 
pads of I inch coarse felt, and mounted for test as 
shown in^Fig. 7. A thermocouple in contact with the 
centre of the lower tinfoil measures the temperature 
attained. In scries with the source of high-voltage 
A.C. Sl|e a B.C. battery of (usually) 52 volts and a 


♦ If it is claimed that the pressboard has any special non- 
absorptxve properties, tests should also be made on specimens that 
have oeen exposed to ** Damp ** or “Tropical conditions re¬ 
spectively (clause 7 {b) (iii) and (iv)). 


down rapidly follow. The microammeter should be 
short-circuited, or the voltage switched off before break¬ 
down of the specimen takes place, 

(d) Method of Expressing Results Obtained. 

The values obtained should be shown graphically as 
illustrated in Fig. 8. The following should also be 
recorded:— 

(i) Maximum voltage and electric stress in volts per 

mil, at which the material is in a stable 
condition. 

(ii) Maximum temperature-rise obtained in (i). 
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PISCUSSION ON 

''TPE INTERCONNECTION OF ALTERNATING-CURRENT POWER SflATIONS/’* 

WpxERN Centre, at Cardiff, 6 November, 1922. 


Major E. I. David; This paper is particularly 
interesting to the engineers of this district, where a 
number of interlinking schemes between power stations 
are under consideration. After seeing the large-scale 
maps of the enormous distribution schemes in America, 
one feels how trivial are local schemes in proportion 
to these, but the actual problems to be solved are 
very similar, and the paper is most helpful for that 
reason. I think that the line between Britannia and 
Aberarnan was the first extra-high-tension line between 
two fair-size power supply systems in this country. 
At present operating at 20 000 volts, it is designed for 
33 000 volts, and will shortly be changed over to that 


Under the latter conditions the pressure at the receiving 
end was 10 650 volts, the transformer secondary ratio 
at this end being normally 20 000/10 000, and 
3 000/20 000 at the step-up end. The astonishing fact 
is that a magnetizing current as high as 395 amperes 
was required for the line under maximum boost 
conditions. As the energy losses were very small, 
the power factor meter of the line was practically at 
zero throughout the whole of the test. The station 
load was approximately 4 000 kW and the station 
power factor varied in the manner shown in the figure. 
The only possible explanation which I can give for this 
enormous magnetizing current is saturation of the 



Fig. J.—-Open-circuit currents, power factors and voltages on a 10-mile 20 000-volt thrAA ko • j x 

“tra^or^:^ io 000/10 3oo"°olt ^ 


voltage. It connects two systems, one having six 
power stations and the other two, these being inter¬ 
linked by their own systems. Power factor control 
IS effected by means of a booster available at one end. 
In connection with this line an interesting series of 
figures were taken, and these are shown in Fig.«J. 
The line was run with the receiving end open-circuited, 
but both step-up and step-down transformers, and also 
the booster, were in circuit. The pressure at the 
receiving end was varied by altering the boost from 
minus 105 volts through zero to plus 185 volts, the 
voltage at the generating end var 3 dng from 3 145 volts 
to 3 435 volts due to J:lns variation of boost, and the 
busbar voltage Being maintained constant at 3 250 volts. 

J- Palmer (see voL W. 


iron in the transformers, as the latter were running 
at approximately 15 per cent above their rated 
voltage. ^ Perhaps the authors can give some additional 
information. The one fact clearly illustrated by the 
paper is that, provided a station has any means of 
fixing its busbar voltage, the power factor of the 
supply which it takes, either from an interconnecting 
line or from an ordinary supply company's main, is 
entirely mdependent of the power factor of its own 
load, and as the general policy of station engineers is 
to caxry as little w^attless current as possible, th^resxilt 
will be^ to maintain such a busbar^ voltage that the 
generating station power factor will be as near unity 
as possible, and the supply company wiU have to deal 
mth this. Unles§, therefore, the busbar voltage''of 
aU interconnected stations is under the control of the 










ALTERNATING-CURRENT POWER SfATIONS/' 


497 


main load despatcher, it will be seen that, even where 
stations belong to the same company, trouble must 
ensue,* and where stations belong to companies having 
only interchange ^ current arrangements the difficulties 
will be extremelw great. Table 1 shows that under 
certain conditions the receiving station has to produce 
kiloyolt-amperes corresponding to the kilowatts of its 
energy load at a power factor of 0-29, which would 
entail either abnormal generators or synchronous 
condensers* The authors appear to favour running 
this particular interconnecting line at the normal 
power factor of the load, with boosters to correct the 
busbar voltage. In all other cases, synchronous con¬ 
densers would be necessary at the receiving end, as 
it is hardly likely that station B could deal with 
the enormous kVA loads at low power factors. One 
point which has not been considered is the question 
of providing the wattless kVA by large synchronous 
motors driving plant on the load side of station B. 
Under these conditions the charges for wattless energy 
should not be as great as those shown in Table 2, and 
transmission of power at unity power factor might be 
shown in a more favourable light. There appears to 
be a considerable discrepancy between the formtila 
produced in Stone’s paper * and the authors’ formula 
for synchronizing power. Stone’s formula gives the 
synchronizing power in kW for each degree deflection 
from the norrifal phase angle. The essential factors 
of the two formulae are the same, i.e. EiE^XjZ^, but 
the remaining ^factor is entirely different in the two 
cases. Possibly the authors^ould give a mathematical 
reason for the difference. At the same time the actual 
value of this factor is of small importance until a value 
is deci3ed upon for the synchronizing power necejssary 
for two powe:^ stations. Stone gives values varying 
fr(fm 1 to 1^*5 times the capacity of the smaller plant 
to be paralleled. By a slight variation of this factor 
it appears that the two formulce might be brought 
into agreement.^ The factor has, of course, to be 
varied to suit the different kinds of prime movers, 
as the synchronizing capacity necessary with a gas 
engine which occasionally misses an explo.sion must 
be very diffeAnt from that in the case of a tui*bine 
with its uniform turning moment and sensitive governing 
gear. In our case we have a gas-engine station inter¬ 
connected with several other stations and we find no 
difficulty in running in parallel, but we do find that 
there^is a great tendency for the gas engine to be the 
first to trip out on a surge caused by a fault in any 
part of the system. At all times the synchronizing 
currents passing in this interconnecting link are large 
and hftve a definite periodicity which corresponds to 
the speed of the gas engines, and during periods of 
light load in the interconnecting link actual reversals 
of power take place during each revolution. Should 
the synchronizing power of a line at any time be found 
unequal to the task of keeping two stations in parallel, 
% siniple remedy is to increase the pressure of the line, 
as the synchronizing power increases practically as the 
square of the lin^ voltage. 

Mr. I. Jones: Dealing with a lew points which are 

^ Transactions of the American Institute j)f Electrical Engineers 
1919, vol. 38, p. 1651. ^ 
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met with on interconnected systems I might mention that 
on the system with which I am associated there are high- 
pressure and mixed-pressure turbo-generators, together 
with reciprocating low-speed gas-engine generating 
sets all working in parallel, and no practical difficulties 
are experienced in the satisfactory load adjustments 
of the different station^. Efficient telephonic com¬ 
munication is maintained between them, so that 
transfer of loads or other changes of running conditions 
can be satisfactorily arranged. In dealing with the 
parallel operation of the system the question of load 
adjustment depends, as the authors have pointed out, 
on the governing characteristics of the prime movers, 
but the question of pressure adjustment between the 
systems interconnected is quite a different problem, 
especially where the interchange of power may be in 
either direction and where there are large fluctuations 
in the load. Ihe voltage adjustment on this system 
is obtained as stated in condition (3) on* page 288 
(vol. 60), but there are occasions when one* or other 
of the stations has to deal momentarily with a fau; 
amount of extra wattless current, due to varying Ibad 
conditions at the consuming centres. My experience 
with automatic voltage regulators working with inter¬ 
connected stations has not been very satisfactory, 
under conditions such as those mentioned above, 
especially in cases where they had to work as ordinary 
voltage regulators, but we obtained far better opera¬ 
tion after they had been fitted with a compensating 
coil, being thus rendered practically power-factor 
regulators for the generators to which they were 
connected. I should hke to hear the authors’ experience 
with automatic voltage regulators on s«ch systems. 
With reference to synchronizing power, I should like to 
know if the authors consider it necessary to have a 
tie line between a reciprocating or gas-engine station 
and a turbo-generator station of larger synchronizing 
power than that between two turbo-generator stations. 
On a number of occasions I have noticed that on the 
occurrence of a disturbance due to fault conditions 
the gas-engine generators nearly always come off the 
busbars first although not feeding directly into the 
fault. In the case of a tie line 9 miles in length 
connecting two of our largest power stations, at the 
point where it is connected with one of our main con¬ 
suming centres we have no difficulty in synchronizing, 
speed and voltage adjustments being arranged by 
telephone. Have the authors met a^case where it 
has been impossible to synchronize a tie line at some 
remote point on an interconnected system due to a 
displacement of the phase voltage ? 

Mr. W. Nairn: There does not seem to be much 
s<jppe for interconnection between modern power 
stations in this country where electricity is generated 
from coal. Although at first sight it would appear 
to be very comforting to have an interconnectar of large 
japacity between two modern power stations, yet in 
practice the advantage is very limited, the restricting 
factor being the supply of steam. Take the case of 
two power stations, A and B*, equipped with 10 000-kW 
sets and with a 10 000-kW intercofinector between 
them, and consider what happens when 
drops 10 000 kW of load, due to a 
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out of commission. The 10 000 kW is supposed to be 
picked up by the interconnector and carried by station 
B, but what really happens is that as soon as B takes 
over the load the steam pressure begins to drop and 
B trips out the interconnector in order to safeguard 
the consumers in its own area. During the failure 
the supply undertaking finds^itself in the position of 
having a 10 000-kW interconnector, at the one end 
of which is 10 000 kW of steam and no generating 
plant and, at the other end, 10 000 kW of generating 
plant and no steam. Of course it might be argued 
that in the event of a serious defect such as a strip 
or a burn-outin station A, the interconnector 
would be of substantial advantage, but the fact is that 
the money expended on the interconnector would be 
very much better spent in providing additional 
generating plant in station A. I cannot dismiss from 
my mind th'e idea that a power station is essentially 
an establishment for the generation and export of 
electrical ^energy and that it is no part of its . business 
to import electricity, and I also feel that when expensive 
distribution cables are laid it should be into districts 
where there is no electricity supply and not into the 
heart of a generating station. From this point of 
^ew I consider the paper to be very valuable, as I 
believe that in some instances interconnectors have 
been installed without due regard to the facts which 
the authors have so clearly set out. 

Mr. J. H. Thomas : There has been a point of 
apparent importance mentioned in the discussion in 
connection with the magnetizing current of trans¬ 
formers and motors as affecting the power factor. I 
was associated with a station generating at 3 300 volts, 

50 periods, three-phase, and a number of motors wound 
for 3 000 volts were connected to the system. After 
a time the generating pressure was raised to 3 500 
volts. The result was that the power factor of the 
station was lowered owing to the greater magnetizing 
current of the motors at the increased voltage. It was 
found that the power- factor could be increased from 
0-6 to 0*7 by lowering the voltage at the generating 
station^ so that the motors worked at the pressure 
for which they had been designed. The same point 
would of course apply to transformers, and this is of 
particular interest in the case of interconnected systems, 
as mentioned by the authors, who state that the 
voltage is widely varied. It seems to me that it would 
be generally question of interconnection between 
systems in this country, and that under these con¬ 
ditions^ the best method of operation would be to 
transmit at unity power factor irrespective of the 
loads, and to obtain regulation by means of syn- 
chronous condensers. These can, I believe, be supplied 
with automatic regulators varying the excitation so as 
Tx unity power factor on interconnecting lines, 

t is of gseat importance that motors and transformers 
should work at the pressure for which they have been 
designed. 

^ Mr. D. Jenkins: Recently I met with a case very, 
similar to that mentioned* by Major David. I allude 
to the heavy eiscess currents observed by him when 
the voltage was increased on a line loaded only by I 
IlliyjlJoad^ transfor^^ In my case the consumer 


took power •at 33 000 voltg through a transformer 
transforming down to 3 300 volts, and carrying 
almost exclusively an induction motor load. •'With 
the transformer secondary open the ^3 000-volt circuit 
breaker was switched in and set tof operate at about 
700 kVA. The 3 300-volt switch was then closed. 
As soon as an attempt was made to start up;a 100-h.p. 
slip-ring induction motor by means of a liquid starter,, 
the high-tension switch tripped. This occurred three 
or four times in succession. On looking into Jhe matter 
it was found that the high pressure was considerably 
in excess of 33 000 volts, and it was concluded that 
the heavy magnetizing current taken by the motor at 
this excess voltage was sufficient to trip the breaker. 
It will be noticed that the disproportion between the 
starting current of the induction motor under normal 
conditions and under these excess voltage conditions 
is even more extraordinary than that observed by 
Major David. It is true that in his case the lead was 
an unloaded transformer, whereas in mine it was a 
transformer loaded only by an induction motor,. 
Essentially, however, the load conditions are the same, 
in that we both have a pure induction load.. 
Undoubtedly an excess voltage greatly increases the 
magnetizing current, especially if the^ induction plant 
is designed, to work well up. on the*'‘knee'' of the 
magnetization curve. No mention has been made in 
the paper about the interconnection of Supply systems 
of different periodicities. At the present moment I 
am interested in interconnecting a 2^-period and a 
50-period supply. The necessary frequency changer 
W'ould, when converting either w'ay, have to run in 
parallel with other synchronous generating plant. I 
should be glad to know whether the authors hsf^e had 
any experience of such conditions. Is such a frequency 
changer a satisfactory and reliable proposition ? % 

Mr. J. W. Pidoe: The subject of the*paper is of 
particular interest in this district as we have a number 
of interlinked industrial power stations, and other 
interconnections are under consideration. The 
operation of two or more power stations in parallel 
has certain advantages as far as continuity of supply 
IS concerned, but the maximum of e(!bnomy would 
appear to be obtained where it is possible to find other 
undertakings having an inverse load curve, under 
which condition stand-by plant is reduced to a minimum. 
Our colliery plants carry their maximum load between 
7 a.m. and 3 p.m., whereas during the remainder of 
the day the generators seldom carry more than iToad. 

It would be very satisfactory if we were able to sell 
power to local authorities for lighting and .other 
purposes, the demand for which would be mostly after 
3 p.m. For a colliery to sell power instead of coal 
means a change of policy, but in view of the amount 
ot Idle plant the matter is well worth consideration. 

The power factor of the supply is a fruitful cause of 
dispute, and there is evident need of a central authority 
to give definite orders as to the running conditions 
of the stations, otherwise each engineer naturally 
attempts to regulate his end of the line so as to carry 
as little as possible* of the wattless current. In 
example^ given by the authors . the overhead inter¬ 
connector naturailf occupies a prominent position/ 
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■but in this country we ^are not favourably situated 
■either as regards climatic conditions or legal restrictions. 
In South 'Wales we have a further trouble with high- 
tension lines whi<|i have frequently to be carried across 
'hilly country wliere they are very exposed. The 
■south-westerly gales carry saline matter which gradually 
•accumulates on the porcelain insulators and occasionally 
•causes breakdowns. The use of step-up transformers 
is not an unmixed blessing, and where possible it is 
preferable, to generate at a pressure high enough to 
-render them unnecessary for the short interconnectors 
“which are the general rule in this district. 

Professor F. Bacon : I regard the paper as being 
'most interesting and important from the points of 
view of both theory and practice. 1, too, cannot help 
feeling that the magnitude and extent of the trans¬ 
mission systems in America make operations in this 
country appear comparatively trivial.’ One must 
look to. such schemes as Major David mentioned, in 
which electrical power generated in the South Wales 
•coalfield would be transmitted to London, to readjust 
the balance. ^Enterprise in the United States must be 
•greatly aided by the wonderfully high overall annual 
load factor obtained. In this connection the table on 
page 297 (vol. 60) is most striking. I am sure that 
it would prove of general interest if the authors would 
• explain how it is that load factors of 65 per cent and 
even 80 per ceiit are secured in America, 'whereas many 
•of the biggest stations in this country have to operate 
at a load factor of between 20 and 30 per cent. 

Messrs. L.Tlomero and J. B. Palmer (in reply) : 
In reply to Major David the excessive magnetizing 
■current, which he observed at no load and maximum 
boost en the line he describes, must have been due, 
as he says, to too high a flux density in the transformer 
•cores, and this would not of course occur if the trans¬ 
formers were designed for the highest voltage to which 
they would be subjected in practice. It is fair to point 
out, however, that Major David’s transformers would 
probably never ^n ordinary practice be subjected to 
the conditions which he mentions, as maximum boost 
would not be required under no-load conditions. We 
believe that tfee formula in Mr, Stoners paper gives far 
too high a value for the synchronizing power, although, 
as we have not a copy-of his paper by us at present, 
we are unable to point out exactly where we disagree. 
Our own formula is worked out itiathematically step 
by step in the Appendix to the paper, and its accuracy 
has dot been seriously challenged. 

In reply to Mr. Jones, the effect of automatic voltage 
regulators at the two interconnected stations is to 
: accentuate tiie power factor variations of the current 
m the line, as the load in the line varies. If automatic 
■regulators are not in use, the arithmetical difference 
between the two busbar voltages will tend to vary 
wth variations of ■the load in the interconnecting 
hne in such a way as to minimize the variations in the 
•«>ower factor of the hne current. That is to say, auto- 
matac voltage regulators give inflexible voltage conditions 
under which* the line power factor will depend solely on 
:th# hne characteristics and load,, while without such 
regulators the voltage conditions are somewhat more 
: flexible. We are certainly of opinion tliat a larger 


line synchronizing power is needed between a gas- 
engine station aud a turbine station than between two 
turbine stations. 

There is considerable force in the point made by 
Mr. Naim as to what would probably happen if^one of 
the generating sets in one of two interconnected stations 
were suddenly to go out of commission ; but*we would 
point out that if a larger number of power stations 
were interconnected, sufficient steam supply would 
probably be available to tide the system as a whole 
over such an accident. We are in agreement with 
Mr. Nairn if his contention is that the transmission of 
large blocks of power can only be justified when there 
is substantial economy to be effected by it. Recently 
one of the authors had occasion to investigate the 
question of how far from the load area it would pay 
to erect a projected power station in order to obtain 
greater generating economy by erecting it on a tidal 
river, the price of coal and coal-handling facilities being 
equal in both cases. In other words, the* problem 
resolved itself into a comparison of the generating 
costs of a station having cooling towers, and one ha^iing* 
an unlimited water supply, but with the necessity for 
transmitting the whole of its output. The economical 
distance proved to be remarkably small, as the 
greater efficiency of the riverside station would be 
offset by a comparatively small expenditure on trans¬ 
mission cables and the cost of supplying the transmission 
losses. At the same time it must not be overlooked 
that when dealing with existing power stations the 
cost of an interconnector may be amply justified by 
the economies incident to the improvement of the 
plant load factors of one or both stations, an^ tlie authors 
believe this to be one of the chief incentives which 
have brought about the interconnections already effected 
in this country. We would qualify Mr. Nairn’s state¬ 
ment that a power station is essentially a plant estab¬ 
lished for the generation and export of electrical energy. 

In our opinion a power company or a municipality is 
chiefly concerned with the sale of electrical energy, 
and the source from which it derives the power it sells 
is a secondary consideration. On the assumption that 
an interconnection is economically sound, it would 
often happen that the heart of the generating station ” 
of the receiver system would be the only point at which 
the bulk supply could be efficiently received. If it 
were possible to interconnect through the networks of 
the respective systems it would obviously be advantage¬ 
ous to do so, but the authors’ experience is that there 
are many cases where the only point in a network at 
which it is possible to receive a large block of po'sjrer 
is the power- station busbars. 

Mr, Thomas, and subsequently Mr. Jenkins, refer 
t(j the variations in power factor caused by varying 
voltage on feeders which are not necessarily inter¬ 
connectors. This is, as they suggest, caused by the 
saturation of the iron circuits of induction motors 
and transformers, and goes to show that in designing 
intoconnections it is necessary that the efiects of voltage 
variation should be carefully* considered when deciding 
on the system of operation and fixing*the constants of 
the interconnector. Mr. Thomas is probably correct 
in saying that the best method of operation would 
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be to transmit at unity power factor irrespective of 
the load, and to obtain regulation by means of syn¬ 
chronous condensers. The question is, however, one of 
cost and quality of service required, and can* generally 
be decided by balancing the cost of regulating apparatus 
to ensure the transmission at unity power factor against 
the disadvantages of poor voltage regulation and cost 
of increased transmission losses involved by transmission 
at some power factor less than unity. 

Mr. Fidoe refers to the economy which would be 
obtained if it were possible to find other undertakings 
having inverse load curves. In this country this 
condition will be the exception rather than the rule, 
but with colliery plants carrying their maximum loads 
between 7 a.m. and 3 p.m. it should be possible to 
effect economies by supplying energy to a power 
company or local authority having a heavy lighting 
load. We have remarked both in the paper and in 
the discussion at other Local Centres on the necessity 
for the running conditions of interconnected stations 
^being under the control of one person, otherwise the 
divergent ideas of individual station operators as to 
the power factors and load factors at which they should 
operate would almost certainly result in confusion. 
Jhe question of overhead versus underground trans¬ 
mission lines does not come within the scope of the paper, 
but after having seen arid noted the success of overhead 
transmission and distribution in the ’United States 
and Canada, one cannot but feel that the overhead 
system has not yet been thoroughly tried out in this 
country. 

In reply to Professor Bacon the transmission systems 


and interconjpiections in the United States are naturally 
on a very much larger scale ^han anything we have in 
this country, but it would be a mistake to thin^ that 
our transmission and distribution sysitems are trivial in 
comparison. In our opinion the prcfblems which have 
had to be faced by British undertakings, both company 
and municipal, are just as difficult both^* from the 
financial and teclmical standpoints as anything that 
the American companies have encountered, excepting, 
of course, that their operations have been on a very 
much larger scale than ours. It is true that the load 
factors obtained by the American concerns assist very 
considerably in the finance of the huge transmission 
systems which are common in America. The high 
load factors are brought about by a number of reasons. 

The very heavy financial outlay required to construct 
hydro-electric plant and long transmission lines can 
only be justified by a load having a diversity factor 
which no single city could offer by itself, and f:his has 
brought into existence large power companies whose 
interests cover very wide areas. Many of the cities 
are of comparatively recent growth with no strongly' 
entrenched competition from gas and steam in existing 
industrial plants. Railways are electrically operated 
in the United States to an extent we have only just 
begun to think about in England, arid, as far as the 
Pacific States are concerned, irrigation offers a heavy 
off-peak load. Domestic load is most c^efully fostered 
by the power companies and various associations formed 
for the purpose, and it is apparent that*the propaganda 
which is most assiduously carried on lias been very 
effective. 




HOLLINGWORTH : ELECTRIC INTENSITY OF RECEIVED RADIO SIGNALS. 601 


THE MEASUREMENT OF THE ELECTRIC' INTENSITY OF RECEIVED 

RADIO SIGNALS. 


By J. Hollingworth, M.A., B.Sc., Associate Member. 


[Communicated by permission of the Radio Research Board.] 

(From the National Physical Laboratory.) 

(Paper first received 18tt December. 1922, and in final form 2Uh March. 1923; read before the Wireless Section 

1th February, 1923.) 


Summary. 

Ihe first part of the paper is devoted to a discussion of 
some of the principles on which the measurement of received 
signals is based, and the practical application of these 
principles under working conditions is considered. 

The latter part describes a system recently’' developed at 
the National Physical Laboratory which differs in several 
details from previous systems. Its operation is described 
in detail, and some of the possible sources of error and in¬ 
accuracy are considered. 


I. Principles and their Practical Application. 

This problem is one of the most fundamental in radio¬ 
telegraphy and hSis received attention from laige numbers 
of experimenters. 

It is one whioh forces itself on everybody concerned 
mth radio operation, as w^l as on 'those interested 
in the more scientific aspect of the subject. Many 
theories ^as to the cause of signal-strength variations 
have been suggested, and owing to the complexity of 
the circumstances involved it seems very unlikely that 
theffe variations will ever be expressed in a general 
mathematical form covering all cases ; but the work 
of Austin has shown that, under specified conditions, 
a workable expre^ion can be obtained. 

For tliis purpose the pri.mary need is a very large 
number of observations under known conditions, so 
that the fii'st problem is the production of measuring 
^PP^^^tus the iSnitations of which are fairly definitely 
determined. 

Prior to the introduction of the thei*mionic valve the 
instrumental dii¥i.culties in the way of experimenters 
were enormous. Beyond the small range available 
if direct-reading instruments were used, the only 
possibility of measurement was by a method involving 
fprm of crystal detector; and, although the 
sensitivity of the latter is fair, the uncertainty and 
difficult/ of calibration are a great handicap. 

^ Such a method was indeed used by Austin * in his 
investigations which led up to the introduction of the 
Austin-Cohen coefficient; but for the longer ranges, 
which are the most interesting from the theoretical 
point of view, some more sensitive foi*m of receiver 
is tssei^tial. 

For measurements at very .short distances a direct 
method is practicable. This usually consists of the 
insertion of a delicate thermal instrument, such as a 
Bud|^*ell thermo-galvanometer, into a tuned aerial-or 

* Bulletin of the Bureau of Standards, 1911,*vol. 7, p. 296. 


coil circuit the constants of which are known, the 
instrument being calibrated by direct current. 

Such experiments, which have recently been consider¬ 
ably developed by ValJauri * and Pession,| serve a 
rather different purpose, their object being to determine 
the effective or radiation height of an aerial, ^or tliis 
purpose the measurements must be made at so short 
a distance from the aerial that the atteniiatioii * is 
negligible, with the result that the received signals 
I are comparatively strong. In all cases the problem 
reduces to the determination of the current induced 
in an aerial system of known constants, from which 
either the potential gradient or the magnetic field at 
the receiving circuit can be calculated. Before the days 
of continuous waves the problem was further complicated 
by the decrement. In the resulting calculations the 
decrements of both the sending and receiving circuits 
are involved, and the determination of these alone is 
nearly as difficult as the original problem.* 'Cvith the 
advent of the triode with its possibihties of amplification 
and continuous-wMve generation, the scope was very 
much enlarged and new methods became possible. 
As soon as an amplifier has to be used, however, it 
becomes necessary to employ some form of substitution 
method, because the absolute calibration of an amplifier 
is not at present practicable. ThiS; inevitably increase.^ 
the chances of error, always very numerous, as is 
known by everyone who has attempted radio-frequency 
measurements; the result is that any method must 
appear to be more or less a compromise, and without 
etxtended trials and tests it is very difficult to give a 
decision as to which is the most satisfactor)?’. In many 
cases practical considerations are of considerable vreight, 
and from tliis point of view the following^requirements 
must be borne in mind, in addition to all those of a 
theoretical nature:— 

(a) The actual operation should be as rapid and simple 
as possible*. 

(li Special transmission should be reduced to a 
minimum. 

(c) The overall. calibration should be effected as 
closely as possible under worldng conditions. 

(^) The set should be moderately portable and capable 
of adaptation to varying conditions. 

(a) and (b) are strictly practfeal questions ; but they 
play a very important part in problems bf this nature, 
for the case is rather different from that of a purelv 

♦ Badio R&oiem,. 1921, vol. 2, p. 77. 

t Ibid.,^, 22S. * - • 
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scientific measurement in which the whole operation 
is under the immediate control of the experimenter, 
who can repeat readings or vary his conditions as often 
as required. Even if the transmitting aerial be entirely 
devoted to the experiment its remoteness renders 
its detailed control difficult, and in many cases 
altogether impossible, with the result that the measure¬ 
ments must be made either on the routine transmission 
or on a short, special, signal sent for the purpose. 
Observations seem to show that the first of these is not 
of much value except for very rough measurement, 
owing to the continual and irregular variations produced 
by the keying; and even if it be possible to obtain a 
reading of some sort at the receiving end, owing to these 
variations it is difficult to correlate it with the reading 
of the transmitting-aerial ammeter. If a special signal 
be used, working conditions demand that it should 
cause as little interference as possible with the ordinary 
routine. 

This is the chief objection to a method devised by 
r* Lieut. Guierre,* in which a series of timed signals are 
required from the transmitting station, they being 
synchronized with the signals from the local oscillator. 
This method certainly enables various other serious 
"difficulties to be overcome ; but the organization required 
for an extended series of measurements on these lines 
would be very elaborate. 

For the same reason it must be possible to obtain 
the readings rapidly ; the set must be capable of being 
, adjusted in working order before the commencement 
of the special signal, and fine adjustments must be 
reduced to a minimum. For instance, in the URSI 
signals the whole time available is two minutes, althougii 
the preliminary tuning-up of the set in the case of UA '' 
(Nantes) allows a certain margin for adjustments. 

(c) and (d) are primarily questions of design, though 
(d) involves policy also. In this connection there are 
twQ alternatives. Either measurements of as high 
accuracy as possible may be made, involving a large 
amount of apparatus and a very highly skilled operator, 
observation points being, of course, very limited in 
number; or the apparatus may be in such a form as to 
permit of multiplication and distribution to a larger 
number of observers, in order to obtain simultaneous, 
though rather less accurate, readings. Considering the 
present state of our knowledge of atmospheric effects 
at the moment it appears that the latter method is the 
one from whfch the most useful information may be 
expected, and as it represents approximately the policy 
of the Radio Research Board, under whose direction the 
whole of this work is being carried out, this advantage 
has been borne continuous^ in mind. 

Technical considerations ,—^The following methods^are 
in use:— 

{a) Telephone methods. 
ip) Galvanometer methods. 

Under the former heading may be included what* is 
known as the shunted-telephone method, in winch 
comparative results ^ are obtained by shunting the 
telephones until the signal just disappears; but consider¬ 
able difference of opinion exists as to the accuracy of 
* Radio Review, 1921, vol. 2, p. 621, 


this method,* and in any ca^e it is not high. In all 
other cases the received signal is balanced, either audibly 
or visually, against a calibrated, local source of cmcilla- 
tions, from the reading of which the incoming intensity 
can be calculated in the required fcfrm. 

Telephones have the advantage of simplicity in use. 
They can be used in places where a galvanometer is 
impracticable or undesirable, and are familiar pieces 
of apparatus. Owing to their power of audible selectivity 
they can be used when jamming is present, though the 
accuracy of results obtained under such conditions 
requires confirmation. They also allow of the easy 
selection and identification of the station, and messages 
can be read until the last minute before taking the 
observation. 

On the other hand, an audible method is comparatively 
insensitive to small variations in intensity. The author 
has shown * that the minimum change in intensity which 
can be detected under favourable conditions is* about 2 
per cent with spark signals. Experience tends to show 
that with continuous waves the figure is higher owing 
to the different quality of the note ; and it is probable 
that 5 per cent is the lowest which can safely be assumed 
for general working. With an audible method a hetero¬ 
dyne is necessary, and it has also ^been found that 
telephones have a considerable effect on the amplifier. 
This will be referred to later. 

Galvanometer methods in general in^lve merely the 
replacement of the telephones by some form of d.c. 
indicating instrument. The chief advS^tage that they 
afford is greater sensitivity to small variations; but 
it has been found from experience that they offer 
several other advantages, among which is the possi¬ 
bility of keeping the signal and its variatioits under 
continuous observation. On the otiier hand,' the 
signal cannot be read directly unless an Einthowen 
instrument be used, and the power of audiBle selectivity 
is lost. 

Fundamental formulce .—Before proceeding to details 
it will be well to give the simple theory and the equations 
on which all substitution methods depend. Let I 
be the current at the base of the transmitting aerial, A 
the wave-length, and d the distance frcJIn the receiving 
station, assuming propagation over a plane conducting 
surface through a perfect dielectric ; then D, the vertical 
intensity of the electric field at the receiving station is 
given by:— 

Ih 

D=12(hr^^ 

where h is the height of the ideal Hertzian half-oscillator 
which woiild produce the same effect as tlV actual 
transmitting aerial. It is usual to call h the effective 
(or radiation) height of the aerial. Its value varies 
from about 50 per cent to 75 per cent of the actual height 
of the aerial, being dependent upon the form of the 
latter, the immediate surroundings, and also to a small 
extent upon the wave-length and various electrical 
factors. Now, if the potential gradient D be applied 
to an aerial of effective height lij^nd high-frequency 
resistance the ^electromotive force induced in it is 
Dhi, and consequently, if the aerial be tuned, the resulting 

^ Rakio Review, 1921, vol. 2, p. 282. 
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current is DhijRi. In tl^e case of a coil, area a, and 
number of turns n, the corresponding current is 


B 2 being the high-frequency resistance of the coil (these 
results are* based on the assumption that the wave front 
is vertical, whereas experience seems to show that this 
is frequently not the case).* If the wave front be tilted, 
coil reception will be unaffected, whereas reception by 
means of an aerial will be changed to an extent depend¬ 
ing on the ratio between its horizontal and vertical 
dimensions. If the polarization be more complex, 
as often occurs when night effects are j^resent, the 
intensity of reception in both coil and aerial will be 
varied, and in such cases the intensity measured has 
really the value of the equivalent, pla,ne, polarized wave, 
rather than that of anything possessing an actual 
physical existence. 

The usual method of cahbration is to disconnect the 
aerial system at intervals and to connect the receiving 
set to a non-radiating aerial which has the same constants 
as the receiving aerial and contains a cahbrated mutual 
inductance coupled to a calibrated local oscillating 
circuit; the latter is then adjusted until equahty of 
signal strength is obtained. 

The applied^ voltage is deduced from the knowm 
constants of the local circuit; and, from the formula 
given above, the potential gradient is derived. This 
method involves the equahzation of the constants of 
the main and dummy aerials, and the accuracy of this 
adjustment will be one of the chief factors determining 
the accuracy of the result. In addition, on switcliing 
over to the dumm 3 ^ aerial, any jamming previously 
present will disa^ppear, thus introducing another uncertain 
factor into •the physiological balancing process. The 
question of jamming by an extremely powerful station 
of sufficiently different wave-length to be outside the 
limit of audibility is one which requires experimental 
investigation ; but it seems likely that under such 
circum.stances, unless the characteristic curve' of the 
receiver can J)e taken as a perfectly straight line, 
modification of the position of balance will result. 

Unfortunately, with the multiplication of high-power 
intercontinental stations, the above is becoming a very 
serious factor in working on weaker signals. These 
difhculties are largely overcome by the method used 
by Lkiut. Guierre, in which the ordinary aerial is used 
for balancing, the distant transmission being so controlled 
that its periods of silence synchronize with the working 
period^of the local oscillator. The objections to this 
system have been referred to above. 

II. The N.P.L. System. 

N.P.L. apparatus ,—The following apparatus has 
recently been constructed at tlie National Physical 
Laboratory with the, object of undertaking measure¬ 
ments of this kind. A galvanometer method is used, 
the idea being to obtain greater sensitivity than is 
possible with telephones. In gener&l principle it follows 

* T. L. Eckersley: Radio Review, 19j0f voL 1, p. 422. 


standard lines, but it exhibits several important modifica¬ 
tions. Its chief features are :— 

(а) No* heterodyne required. 

(б) No metallic screening necessary. 

(c) Only one oscillating circuit in use at a time. 

The signal from the tiyied receiving circuit is applied 
in the usual way to a mnlti-valve resistance-capacity 
amplifier. A galvanometer is connected in the anode 
lead of the last valve and is made to give zero deflection 
for the normal anode current, a 2-volt cell and adjustable 
resistance across the galvanometer being used for this 
purpose. The incoming signal polarizes the grid of 
the last valve and in this way reduces its anode current, 
the reduction being indicated by the deflection of the 
galvanometer. 

This is, of course, a standard method adopted by 
many workers. For calibration purposes the tuned 
receiving circuit is broken and totally disconnected from 
the amphfier, wliich is then joined to the local Oscillator 
through a calibrated untuned coupling coil. The, 
oscillator is next adjusted until the same deflectiofi is 
obtained as w-ith the signal. 

The high-frequenc}^ resistance of the receiving circuit 
is also measured under actual working conditions by 
the movement of a switch. From this stage the calcula¬ 
tion proceeds as before. The method differs from the 
normal one only in the use of an untuned circuit for 
calibration and in the internal design of the local 
oscillator ; but in order to obtain reliable results great 
attention. must be paid to a large number of small 
details. 

General and Constructional Details. 

(A) The aerial system .—^The method can be applied 
equally well to an ordinary aerial or a closed coil. 
For. convenience and portability a closed coil has been 
adopted, though this is open to several objections, 
chief among which are the low absorption, especially 
on long wave-lengths, and the antenna effect. The 
former is due to the fact that with a vertical potential 
gradient D the E.M.F, produced in an aerial is Dh, 
whereas with a coil it is 27rDna/X. On the other hand, 
the directive property of a coil is often a valuable asset. 

With regard to antenna effect, the behaviour of the 
whole coil as an aerial with respect to earth is an old 
and serious problem. In directional work it is one of 
the chief objections to the use of a plain^evolving coil; 
but in tliis case one is worldng on the minimum of the 
coil E.M.F., so that the antenna effect is unmodified. 
In measurements where, of course, the maximum 
position of the coil is used, it only api:)ears in conjunction 
w^ the coil E.M.F., but even then it requires considera¬ 
tion. In theory, since it flows in an untuned path it 
should be 90° out of phase with the true signal, provided 
the latter be accurately tuned. Actually, it jnay not 
be exactly 90° out of f)hase, and in this case it wquld have 
a component in phase with the signal. Now the 
eharacteristic feature of antenna effect in' directional 
w'ork is the great bluntness o*f the minimum, no sharp 
zero being discoverable. This * effect ‘can be caused 
only by the out-of-phase component, as the effect of 
t^e component in phase with the signal cannot be to 
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blunt the zero bitt only to sliift its position, since the 
antenna efiect does not change sign as the coil passes 
through its zero position, whereas the coil E.M.F. does. 
Hence the well-known flat minimum proves that antenna 
eflect has at least a considerable component 90° out of 
phase with the main signal. In the present case it can 
,also be shown that any component in phase with the 
signal is small. Consider two positions of the coil 
180° apart and not too near the maximum, in w^hich 
case a signal of fair intensity is obtained. If the antenna 
effect be exactly 90° out of phase with the main .signal 
the total E.M.F.'s in these t\Vo positions will be equal; ' 
but if the antenna effect have a component in phase 
with the signal the total E.M.F.’s in these two positions 
will not be equal, as the coil E.M.F. changes sign Avith 
the rotation through 180°, whereas the antenna E.M.F. 
does not. Hence the equality of the deflections at any 
two points 180° apart can be taken as a sign that any 
antenna efiect present is 90° out of phase with the main 
signal. 

. To verify this, an actual test w^as made on the Nantes 
IjRSI signal. The coil was set about 30° from its 
maximum position, so that a fair signal was obtained, 
but one which at the same time w’^ould be appreciably 
•afiected by the antenna E.M.F. A reading of the 
galvanometer was taken, and the coil was swung rapidly 
through 180°, when it was found that the galvanometer 
reading was unaltered. Other tests seem to indicate 
that the value of antenna efiect present on Croix dTIins 
(23 450 m) is about 10 per cent of the true signal, but 
accurate measurement on a station is difiicult, owing 
to keying,, variations ; and, of course, the efiect cannot 
be obtained" from a local continuous-wave buzzer. 

If the above antenna efiect'be 90° out of phase with 
the main signal, the actual signal strength will be only 
y'{1002 + 102), i.e. 100*5 approximately, an increase 
of only half of 1 per cent, wiiicli can-be safely neglected. 

It also seems likely that the absence of an operator 
and telephones tends to reduce the antenna E.M.F. 
In this connection the following facts have been noted 
repeatedly. 

The anode circuit of the last valve contains a double¬ 
pole throw-over switch, by means of wliich it can be 
connected either to the galvanometer or to the primary 
of a telephone transformer. When listening-in with 
the telephones it is often possible to hear, in addition 
to the station sought, several stations on different w^ave- 
lengths, this being effected by-correct adjustment of 
the heterodyne only; but,' on changing over to the 
galvanometer and re-tuning, the required signal comes 
in" with a pure resonance curve having zeros on either 
side. 

Also, when working on the galvanometer, the m^^re 
touching of the telephones will produce large variations 
in the deflection, even though the telephones are isolated 
from the--amplifier both by a transformer and by a double¬ 
pole ebonite-insulated switch. Moreover, the amplifier 
often oscillates violently when the telephones are being 
used, whereas with the same -adjusthients it is quite 
stable on the galvanometer. The above results seem 
to show that if care be taken with the design and arrange¬ 
ment of the apparatus the efiect of antenna E.M.F. is 
not serious. 


The coil nOw in use consists of a w^ooden box frame 
5 ft, square, wound with 79 turns of 7/26 S.W .G. copper 
wire spaced ^ in. apart. This is sectionahzed by a three- 
way switch so that either 29, 50, or 79 turns can be used, 
the coils not in use being completely cut out. With 
suitable condensers the range covered is from 3 000 to 
25 000 m, making allowance for the fact thaf for work 
of this type it is essential that a coil should not be 
worked near its natural wave-length. 

Probably, for the measurement of very weak signals, 
a coil of greater area would be advantageous, but of 
course it would be less portable. 

(B) xlmplifiey .—In general tliis consists of a multi¬ 
valve resistance-capacity amplifier of the usual type 
containing, how^ever, several special arrangements. 

Resistance-capacity coupling was adopted for three 
reasons :— 

{a) Larger effective wave-length range .—A transformer 
amplifier, though more efficient over a limited range, 
cannot be made to cover a large one without the use 
of interchangeable transformers ; and generally it has 
certain points at which it is very liable to oscillate. 
As the set is not designed to work below 3 500 m, the 
que.stion of the inefficiency on short weaves of such an 
amplifier does not arise. 

There being no heterodyne effect, audio-frequency 
I amplification is inadmissible. 

(5) No screening required .—In measurements such 
as these it would be essential to screen all coils and 
transformers thoroughly in order to l^void inductive 
effects from outside stations or from other parts of 
the circuit, as such inductive effects might be completely 
altered when the change-over was made from outside; 
station to calibrating circuit. , . * ^ 

[c) Stability.—In dealing with measurenients it cannot 
be too strongly emphasized that the prime necess^y 
is stability of the apparatus. Sensitivity, ampfification, 
and even selectivity must all give place to stabihty. 
The amplifier must be kept w^'cll away from regeneration, 
instead of, as is usual, working as near tliis point as 
possible. Of the short time available 'for taking a 
measurement there is none to spare for fine amplifier 
adjustments ; and, for example, a six-vafve set working 
inefficiently, but stably, is far preferable to a " super¬ 
efficient ” three-valve pattern. (A great deal of work 
is being done in order to get the most suitable arrange¬ 
ment combining fair amplification with reliable stabihty 
and ease of adjustment, the details of which are rather 
far from the subject matter of the present paper.) 

The above three reasons have led to the selection 
of a resistance-capacity amphfier, though under, other 
conditions it is possible that one of another type would 
be more suitable. 

The chief objection to an amplifier of this type is the 
poor working on low wave-lengths, i.e. with small values 
of the tuning condenser. This is a side issue of the more 
important fact that every valve circuit possesses an 
effective impedance, which forms a load on the oscillating 
circuit, and so reduces its effective voltage considerably. 

This has been discussed in detail 'by the author in 
another paper,* in which it is showm that if the amplifier 
be considered as equivalent to a high resistance pi 
* .Wireless WorlUand Radio Review, 1922, vol. 10, p. 351. 
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shunted across the conderiBer (this is not stnctly accurate, 
but avoids considerable mathematical complication) 
the effective resistance of the equivalent simple circuit 
is -f being the ordinary high-frequency 

resistance of Aie circuit. Now, under ordinary 
condition^, with a large inductance and small condenser, 
<x)JU is large, so that it frequently happens that the first 
term is entirely swamped by the second ; and as long 
as tliis holds, it actually pays to reduce the number of 
turns on the receiving coil and to increase the condenser 
value, since the loss of received energy due to the 
decreased area-turns is more than compensated for by 
the reduction in apparent resistance. For instance, 
the actual deflections of the galvanometer on a fixed 
signal of wave-length 9 100 m, using the three sections 
of the coil in turn, were of the same order; whereas 
the equivalent resistances were 6-5, 36 and 102 ohms, 
the corresponding d.c. coil resistances being 3-1, 9*0, 
and l2-l ohms respectively. It appears from this 
that any measurement of high-frequency resistance 
should include the valve in working condition, especially 
when the ordinary circuit resistance is low. 



The special circuits in the amplifier axe confined to 
the last valve (Fig.l). Instead of the usual telephones 
a sensitive galvanometer and shunt are connected in 
the anode circuit, and across them is placed a 2-volt 
accumulator with, such an arrangement of resistances 
that the normal anode- current caii be balanced ; the 
deflection is obtained by the departure from the normal, 
and the whole is shunted by a 6-/xF condenser. Under 
these circumstances the effect of atmospherics appears 
to bo small and, as a matter of fact, excellent results 
have been obtained during a thunderstorm. 

The last valve is also run off a separate battery in 
order*to minimize the creep of the zero due to the gradual 
fall of accumulator voltage on load ; and for the same 
reason the filament resistance is a fixed one of the iron- 
in-hydrogen pattern. With these precautions, provided 
that the accumulator be in reasonably good’ condition, 
the creep of the zero is negligible except when working 
at the extreme limit of sensitivity of the galvanometer, 
a proceeding undesirable for many reasons. A double¬ 
pole throw-over switch is’ also provided so as to allow 
of the use of tefephones for listening-in purposes. 

In order to obtain satisfactory results with aj^alanced 
system of this type it is essential to^use an accumulator 
and not a priimarj^ battery, and the^resistances should 


be of a robust, stud pattern. In fact, such resistances 
should be used everywhere for work of this nature, 
as the slightly decreased elasticity, as compared with tliat 
obtained in the ordinary sliding, variable type, is more 
than compensated for by the increased steadiifess and 
rehability. 

Between the coil and the amplifier is the usual 
arrangement of tuning condenser and a throw-over 
switch (Fig. 2). 

The latter connects the amplifier terminals either to 
the tuned receiving circuit or to the untuned calibrating 
coil, and hy means of two auxiliary contacts the 
oscillating circuit is completely broken when the switch 
is in the second position. By a slight rearrangement 
of connections this switch can be made to introduce a 
dummy aerial when an audibility method is being 
used. 

The calibrated local oscillator .—As has been^mentioned 
above, the local source is connected to the amplifier 
by an untuned coupling circuit. In this way it is 
possible to dispense entirely with metallic screenings 
since there is never more than one oscillating circuit 
in action at a time. 

Screening involves bulky and inconvenient apparatus, 
since the control must be either inside the screening box 
or brought cut in a very careful manner, and the 



Fig. 2.—^Tuning condenser and throw-over switch. 


eflectiveness of the operation is always open to doubt. 
Smith-Rose has shown ♦ that in the immediate neigh¬ 
bourhood of a powerful amplifier the most elaborate 
screening precautions must be taken in order, to ensure 
perfect protection, and that the difficulty increases with 
the wave-length. 

On the other hand, tliis method involves the necessity 
of actually measuring the effective high-frequency re¬ 
sistance of the receiving system at eagh observation ; 
but the set is so arranged that this can easil};” be done, 
and the great advantage results that a very severe 
check on the accuracy and correct -working of 4;he 
apparatus is provided. 

In the ordinary systems a dummy aerial, if used, 
must have the same constants as the receiving system 
so that the high-frequency resistance problem, though 
latent, is still present. 

Methods which introduce the calibrating oscillation 
fnto the receiving aerial avoid tliis difficulty, but in 
;fchis case the calibration cannot be carried out until 
the transmitting station h^s stopped, whereas both 
“ UA ” and LY carry on ?^ith their routine work 
after, the special signal. 

♦ Proceedings o the Physical Society of London>, 1922, vol. 34, 
p. 127. * • 
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7 lie oscillator itself lias several special features. In 
the ordinary construction of such oscillators a normal 
continuous-wave generator is used with a high-pressure 
supply of 50 to 60 volts, so that the oscillating current 
is large"' enough to be measured on a direct-reading 
instrument A few turns of the oscillating circuit are 
led through the primary of a variable mutual inductance ; 
but this arrangement involves the screening of the main 
part of the oscillator from the mutual inductance. 
Also it has been found that with the use of such compara¬ 
tively high voltages there is a danger that an appreciable 
but indefinite amount of energy may reach the later 
valves of the amplifier owing to capacity coupling. 

If, however, the whole of the oscillating inductance 
be used as the primary of the mutual, the secondary 
can be mounted some distance away from it, and tliis 
increase in distance and the reduction of the high- 
tension voltage minimize the risk of capacity coupling. 
This metliod involves actual measurement of the mutual 
inductanefe under working conditions, but tliis is 
practically essential in an}?- case and is not difficult, 
whilst, with the control v/hich will be described shortly, 
it is not necessary to rotate the secondary. 

It is impossible to lose sight of the fact that in the 
normal oscillating circuit the current is not the same 
throughout. Prof. Howe has proved tliis in the case 
of a simple circuit; and experiments have shown that 
in an actual oscillator, due to the presence of the reaction 
coil and other apparatus, the current distribution is 
much modified from the theoretical form. It is there¬ 
fore necessary to take a definite point on the circuit 
as the point of reference and to express everything in 
terms of the^ current at tliis point. Tliis may involve 
a variation of apparent mutual inductance with wave¬ 
length ; but as the mutual inductance must be 
determined experimentally in every case, the net result 
is merely to necessitate a slight wave-length correction 
in the apparent mutual inductance when working in 
the neighbourhood of the natural frequency of the 
oscillator. 

' A thermo-junction and galvanometer are connected, 
therefore, at any convenient point in the oscillating 
circuit, and all measurements are made with reference 
to this point. The high-tension voltage is controlled 
by means of a stud potentiometer so far as fine adjust¬ 
ments are concerned, coarse variations of the secondary 
E.M.F. being obtained by the use of a selector swatch 
and a set of separate secondary coils. The instrument 
has been so designed that it can be fitted in a screened 
box for use with an audibility measurement, experiments 
having shown that, if the galvanometer have an iron 
case and be connected to the oscillator by screened leads, 
the leakage of oscillations is too small to cause trouble. 

The secondary of the mutual inductance consists of 
several coils containing various numbers of turns. As 
the high-pressure control can be arranged to give a 
variation of slightly over tw^o to one it is possible, by 
having several separate secondaries each containing 
about twfice as many turns^as the last, to get a very large 
variation of secondary -F. and to retain the sarne 
percentage sensitivity on each range, the latter being 
an equally important advantage. The present range 
-on 9 000 m is approximately from 5*0 mV to 0*05 mV: 


Calibration receiving <:et.—The formula for the results 
is derived as follows :— 

From the second equation in Sectiom I above w^ see 
that the current in an oscillating circiit with potential 
gradient I) 

D X 2'7Tan. 


” RX 


Hence, the resonance volts on condenser, i.e. volts- 
applied to amplifier 

D X 27Tan\/(R^ •+■ co‘^L^) 


Under ordinary conditions V {R^ -f- co^L^) 
replaced by ojL, 

^rranDojL 

resonance volts = — t>\ ' • * * 


may be- 


• (1> 


Since the local oscillator is then adjusted sO as to 
give the same deflection as the incoming signal, we- 
must have :— 

Resonance volts “ volts applied to amplifier by local' 
oscillator, 

'™ 0)1 qM, wdiere Iq is^ the current in 
the local oscillator, and M the- 
mutual inductance between it and 
the coupling coil. 


Hence 


2rranI)ooL 


RX 

.D 


CjDIqM 


r^MRX 

27TanL 



M being the appropriate value of the mutual induct¬ 
ance for the particular wave-length Snd secondary 
coil employed. 

In connection with the local oscillator the following 
important point has been found. Investigations on 
an oscillating circuit of this form siiowed that the 
oscillating current could be expressed in the form: 
1 = A{X-t-B)[V-{■ G), where A is the wave-length, 
and V the high-tension voltage. A, and O being 
constants. 

For some time tliis law was used to determine the 
current in order to avoid the use of a thermal measuring 
instrument, but it was found that the ageing of the valve 
was hahle to affect the values of the constants slightly- 
It is quite possible that a valve could be artificially 
aged for this purpose, in which case a simple and rapid 
method of current measurement w?ould result,^ but, 
.pending the outcome of experiments to tliis end, a tjrermal 
instrument has been adopted. The immediate impor¬ 
tance of the formula lies in the fact that in all cases B 
appears to be small compared with A. 

Hence, it I ~ A{X B){V ■+■ C) 

ooIM = ^(A -h B){V + C)M X 3 X lOS/A X 27T 


i.e. the term involving A is (1 + BjX) 

Now, for the shortest A employed, BtX was of the order 
of OT, so that even-a 10 per cent change in the wave¬ 
length a'^justment of the local oscillator only produq^s- 
a change of about 1 per cent in the secondary voltage- 
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Hence, accurate tuning of the local, calibmted oscillator 
is unnecessary ; it can be used to heterodyne and to 
read tlie incoming signal, and then be used without 
further adjustm^it for calibration. This effects a valuable 
saving of time At a period when every second is of 
importance. 

Detennination of M .—As has been mentioned above, 
M is not necessarily the mutual inductance measured 
by low-frequency methods, but the mutual inductance 
at working frequency referred to the current at a 


ThermO'dimiieter 



Fig. 3.—Diagram showing calibration of oscillator. 


particular point on the oscillator. It is measured as 
follows - 

The oscillator is connected as in Fig. 3, the Duddell 
thermo-galvaubmeter with an appropriate heater being 
in the secondary circuity, and an ordinary thermo¬ 
junction and galvanometer in the oscillating circuit. 
The primary voltage must generally be higher than the 
usuaPvalue, in order to give a readable current in the 
secondary. It is assumed that on any given wave¬ 
length the Current distribution in the coil is unaltered 



Fig. 4.—Value of mutual inductance in calibrated oscillator. 


by this increase in voltage, and tliis seems probable 
as there is no grid condenser to alter the potential of 
the reaction coil. Also, the curve for M (Fig. 4) show's 
that that function has a practically constant value for 
the higher wave-lengths, so that the variation of distribu¬ 
tion must be small. The resistance and impedance of 
the secondary are measured by ordinary methods, 
since its natural frequency is so high compared with 
those under consideration as t^ have no measurable 
^ifect. In addition, the secondary is of a forxfi in which 
the increase of resistance with fra;i*aency is small, and 


as a high-resistance heater is generally required in the 
thermo-galvanometer this variation can be neglected. 

Owing^to the use of the untuned coupling it is necessar}/ 
to measure the high-frequency resistance of the circuit 
for each observation. While this introduces an gipparent 
complication into the process of taking a reading it has 
several very definite advantages, these being :— 

(1) No assumptions of uncertain accuracy are made. 

(2) A very severe check on the correct working of 

the apparatus is provided for each reading, 

(3) Owing to there being no balancing circuit the 

number of turns on the coil can be varied at 
will. This is of value if it is recpiired to take 

^ observations of stations on widely different 
wave-lengths with only a short interval of time 
between them. In addition, it is sometimes 
advantageous to have control of the resistance. 

As before mentioned, the variable factor in each case 
is the amplifier itself, ow'ing to its power abscft-ption, and 
it seems likely that this property must persist even if 
filter circuits are used, as the power to operate tlie 
amplifier must be derived from the receiving circuit either 
by direct conductivity or by induction. 7'he effect of 
the amplifier depends, of course, on its adjustment, 
and it is possible to make the loss excessively small or 
even negative, so obtaining regeneration. 

For measurement purposes, however, either of the latter 
conditions is liable to produce great instability ; a slight 
change in the strength of the incoming signal may 
completel}^ alter the amplifier characteristics, and where 
accuracy is required it is far safer to eliminate any 
regenerative possibility. 

In general, the more stable the amplifier the higher 
its power absorption, so that it is necessary to consider 
both of these factors ; but it must be borne in mind that 
comparatively high power-absorption does not necessarily 
mean poor amplification, so that the critical factor is 
often not sensitivity but selectivity, which brings back 
the old problem of interference. The absence of a 
heterodyne destroys the power of audible selectivity, 
though the accuracy of results obtained when this power 
has to be exercised requires further investigation. 

There is but little difficult in reducing the total 
re.sistance of the circuit to about 10 ohms, which gives 
a fair degree of selectivity, and the case only becomes 
serious wfiien an attempt is made to measure a weak 
station with a high-poAver station ver^ much nearer to 
the place of measurement. This can be best illustrated 
by draAving a tuning curve. 

Take, for instance, the case of '' GBL which, #with 
180 amperes in the aerial, at 8 350 m may be expected' 
io give an E.M.F. of 400 /xV in the coil at Teddington. 
A.ssuming the resistance of the receiAung circuit to be 
.20 ohms and its inductance 10 500 juH, Fig. 5 gives the 
lower part of the tuning curve neglecting any antenna 
effect. It Avill be seen, therefore, that for a station 
giving an E^.M.F. of 40 yN, if*a measurement of the 
latter be required to an accuracy of even 20 per cent, 
the closed range of w^aA^e-length is from 7 600 in to 
9 100 m approximately. Now, suppose a similar 
measurement to be made by the audibility, method. 
If the heterodyne note of Leaf!eld be just inaudible 





the small station would give a good working note if 
its frequency differed from that of Leafield by about 
3 000, i.e. if its wave-length were' 9 120 m. But at this 
wave-length the' high-frequency E.M.F. of Leafield 
would be 50 per cent of that of the incoming, small 
signal, so tjiat unless it were certain tliat the ampKfying 
power of the high-frequency si.de of the amplifier were 
imaltered by a 50 per cent increase in a.ppUed 
an error would be produced when the circuit was changed 
over to tlie cahbrating source, in which no such extra 
E.M.F. w^as present. 

Except under such conditions it is an advantage to 
use a circuit of higher resistance as the tuning is far 
less critical. Until a galvanometer be used one does 
not appreciate how critical is the tunhig of a circuit 
of even moderately high resistance, the reason for which 
being, of course, the comparative insensitivity of the 
telephones to small changes in intensity. For instancy 
in Fig. 6 a variation of 10 per cent in intensity is caused 



by a variation of 0-25 per cent, i.e. 4-6 in the 

capacity of the condenser. It is also important to toow 
what error is likely to be produced if acadent^ly 
the receiving circuit be sUghtly out of tune with the 
s^^al under measurement. This is most likely to 
■occur for small values of the tuning condenser where 
the adjustment is finer. Considering, however the 
coiFdata given above, it can be shown by calculahcn 
‘ that an error of 1 per cent in the condenser value, though 
it reduces -the actual galvanometer deflection to abo^ 
46 per cent of its maximum value, only reduces the 
measured value for the potential gra,dient by 5 per cent. 

llie actaal measurement of resistance is ^^^de ^ 
foUows. The coil is fitted with a fiVe-way sjwtch by 
which resistances of 7-46, 18-3, 39-9, and 78-2 ohms 
can be inserted in the oscillating circuit?. A ®gnal, 
either from a local source or from outside, is tuned, and 
readings of the galvanometer are taken for all five 
positions of the switch. The voltages corr^ponding 
ito these readings me then measured, by the local. 


calibrating ciccuit, tlie resistance being calculated in 

the usual way. , 

From these results very important inform atiory can 
be obtained. Of course, if the resistance of the circuit 
be unusuaUy high or exceptionally low tlie extreme values 
of the inserted resistance may not^give accurate results, 
but the group has been so chosen as to be siutable ^for 
average working. In a particular case the following 
results have actually been obtained. By using the 
five steps and w'orking out the results of in^iddual pairs 
the following series of values for tlie high-frequency 
resistance of the circuit was found: 22-3, 22-9, 

22-76, 22-35, 23-8, 23-2, 22-4,' 22-3, 21-5, the average 
of these being 22-6 ohms; the above values are as 
consistent as may be expected from measurements of 
this nature under ordinary conditions. 

Their close agreement shows the truth of tlie foUoiving 
statements:— 

(a) The effective resistance of the amplifier is 
independent of the signal strength. 

(b) Since the calculation of these results involves 
the figures obtained for the various mutual 
inductances of the secondary coils, these figures 
must be accurate. 

(c) Any direct electrostatic coupling to the amplifier 
is negligible, since the constants in (6) were 
obtained with a thermo-galvanonieter and not 
by means of the amplifier. 

In connection with (o) it is interesting; to note that 
if the amplifier be forced, this^series breaks down abruptly, 
showing that at a certain point self-oscillation commences. 
Cases occur in which the values obtained with the toger 
resistances in series are quite normal, but an ^rupt 
variation occurs when the added resistan^.e is cut ou . 
There appears some evidence in support of th^e idea tli^ 
the amplifier resistance varies with the signal strength 
when close to this state. 

A series of this nature is by no means exceptional, 
but, of course, in order to obtain such a one reasonable 
care must be taken to get everything into a steady 
state. In actual working on a definite routine it is 
seldom necessary to take the entire serieS, as a single 
reading is sufficient if it be known that the apparatas 
is working stably. It is also possible in the case of a 
special signal to measure the resistance by means of 
a local source immediately before tire transmission 
commences. This will remain constant throughout 
the signal, if the duration of the latter be not too great, 
so that the whole time of reception can be devoted to 
watching and recording the momentary variations.^ 

It appears from these results that the slight''extra 
complication involved in measuring the resistance is. 
more than compensated for by the very severe test 
applied to the apparatus in the process ; and a definite 
indication of tlie accuracy of the result is obtained. 

In fact, it appears from experiment that, provided 
the amplifier be in a stable state, its equivalent resisl^ce 
on any given wave-length is definitely determined by 
the adjustments, filament current, high pressure, etc., 
and that by the measurement of these the total resistance 
of the cofi. can be foretold ■without actual measurement, 
each time an obsertration is taken. Of course, owing 
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to possible slight change^ in valves, and leaks, it would 
not be safe to dispense entirely with resistance measure¬ 
ment after having determined it once ; but if in the 
course of a series of observations, through unforeseen 
circumstances a-^few measurements of resistance are 
missed, the values can be obtained from other readings 
in which*;the state o’f the amphfier was the same. 


Measurements of the XJRSI Signals from Nantes {CIA} 
made at the National Physical Laboratory. 


Date 

Potential 

gradient 

/nV/m 

Effective 
Ji of set 

Date 

Potential 

gra<lient 

fiV/tn 

Effective 
li of set 

1922 


ohms 

1923 


ohms 

Oct. 

25 

1 100 

10 

5 

Dec. 

1 

1 670 

17-7 

> 

26 

1 980 

14 

0 

9 

4 

3 200 

20-8 


27 

2 190 

23 

0 



2 310 

}21-0t 


*31 

^1 660 

16 

6 

9 f 

n 

2 030 

Nov. 

1 

2 100 

9 

8 

1 » 

7 

2 050 

19-4 

1 > 

2 

4 260* 

14 

•7 

9 1 

11 

1 600 

21-3 

»> 

10 

2 720 

12 

6 

9 i 

12 

1 800 

18-0 

9 9 

14 

3 270 

19 

4 

9 1 

14 

1 730 

21‘7 

»» 

15 

1 750 

9 

3 

9 9 

18 

1 650 

14-8 

9 9 

16 

2 000 

16 

7 

9 9 

20 

1 010 

10-0 

f 

17 

2 250 

19 

2 

9 9 

21 

1 360 

130 

11 

20 

1^040 

30 

0 

>1 

22 

2 269 

15-8 

S9 

21 

1 900 

23 

• 7 

1923 



9 9 

22 

1 795 

42 

•5 

Jan. 

3 

1 720 

20-0 

9 9 

27. 

2P440 

16 

■0 

4 

2 200 

21-2 

99 

28 

1 760 

16 

■4 * 


5 

1 460 

17-7 

99 

29 

1 420 

21 

•4 

9 

8 

840 

6-3 

99 m 

30 

1 950 

17 

6 

9 9 

10 

3 100 

28-0 


* Obviously an abnormal day. “MSK” (Moscow) was heard 
loudly on a Small set on which it is normally inaudible during the 
day. Daylight variations of hearing were also reported as 
excessive. 

t An abrupt change of intensity occurred in the middle of the 
signal. 


Note. —These figures are the actual readings obtained 
and are not corrected to the standard aerial current of 
180 A for purposes of comparison. The variations are 
in most cases not more than 2 or 3 per cent. 

On the basis of the Austin-Cohen formula the 
theoretical value of the gradient at the N.P.L. with 180 
amperes in the aerial should be 1 760 per metre. 

\Yave-length 9 000m. Time of transmission 2.15 p.m. 


In order to verify the fact that the result was 
indejjpndent of the particular adjustment of amplifier, 
a local oscillator was set up and its intensity measured. 
The amplifier was then considerably altered, i.e. the 
number of valves, high pressure, and filament current 
were changed, and the local source was measured again. 
The results differed by less than 1 per cent. The same 
effect has also been noticed when measuring theURSI 
signfals, but, of course, in tliis case since 24 hours have to 


elapse between successive readings it is impossible to 
guarantee that the incoming signal remains constant 
to this degree of accuracy. 

General observations .—The foi'egoing is pi-imarily 
a description of the development of a system oi signal- 
strength measurem.ent. Time has not yet permitted 
of an extended series of actual observations, nor of a 
critical test against any other method. It is hoped to 
carry out both of these in the future, as until this is done 
it is impossible to make any very dehnite comparisons 
or to indicate which system is most suitable for any given 
conditions. It is also hoped to obtain useful information 
by the incorporation of an Einthoven string galvano¬ 
meter so as to obtain photographic records of signals, 
which will assist in deciding another very important 
question, namely, within wdiat limits of intensit}^ and 
frequency an average transmission is liable to vary. 


Measurement of the URSI signals from Rome (IDO) 
made at the National Physical Laboratory. 


Date 

Potential 

gradient 

fjiVIm 

Effective 
R of set 

Date 

Potential 

gradient 

fxYJm 

Effective 

R of set 

1922 


ohms 

1923 


ohms " 

Dec. 12 

366 

22*1 

Jan.11 

282 

18*8 

„ 13 

455* 

22*0 

„ 15 

220 

12*5 

„ 14 

210 

18-2 

„ 16 

383 

13*6 

1923 



18 

354 

12*5 

Jan. 4 

257 

5-4 

„ 19 

88 

2*0 

M 6 

275 

1*7 

■ „ 22 

270 

11-3 

- 8 

353 

20*0 

>1 23 

341, 

13-5 

„ 10 

273 

5-1 

„ 26 

Til 

13-2 


* Poor reading. 


Aerial current 100 A. 

On the basis of the AustiiiTCohen formula the 
theoretical value of the gradient at the N.P.L. is 
153 juV per metre. 

Wave-length 10 800 m. Time of transmission 5 p.m. 

These investigations were carried out for the Radio 
Research Board, and the author has to acknowledge 
his indebtedness to the members of Sub-Committee A 
of this Board, detailed below, for much useful advice and 
criticism throughout the experiments. 

Members of Sub-Committee A of thb Radio Research 
Board. —Dr. E. H. Rayner, M.A. (Chairman). Admiral 
of the Fleet Sir Henry B. Jackson, G.C.B., M.C.V.O., 
F.R.S. (Chairman of the Board). Prof. G. W." O. 
Howe, D.Sc. Prof. E. H. Barton, D.Sc., F.R.S. 
Mr. D. W. Dye, B.Sc. Major J. Ersldne-Murray, D.Sc. 
Prof. H. M. MacDonald, F.R.S. Mr. F. E. Nancarrow. 
Mr. J. Flollingworth, M.A., B.Sc. 

Also he wd.shes^ to express liis indebtedness to his 
®assistant, Mr. I-I. A. Thomas, M.Sc., for his valuable 
aid in all the latter portion of the experimental work. 
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Discussion before the Wireless Section, 7 February, 1923 . 


Dr. J. Erskine Murray : I am very pleased to see 
that this, type of work has advanced so far. It has been 
for a long time among my special interests hut its 
extreme difeculty has always beaten me, because I have 
never been able to give sufficient time continuously to 
the subject. The author's apparatus is comparatively 
simple and is evidently going to do the work, and if I 
make one or two small criticisms it is only in the hope 
of suggesting slight improvements that may not have 
occurred to him, and in the hope that he will be able to 
carry the apparatus to a still further stage where it may 
be useful to a larger number of people. The author 
states that a calibrated amplifier is not possible, but 
I do not agree, although the present type of amplifier 
is for certain reasons impossible. The first is that 
valves are iiot made as accurately as engineering pro¬ 
ducts ; mmufacturers have not yet made a valve in 
which the conducting elements are as exact in size and 
in material as, for instance, in an optical instrument. 

It would then be necessary to take the characteristic 
curves for each valve, and to have on each valve an 
instrument to register the emission and the anode 
voltage, in order to bring each valve to a definite state 
during use. But the first thing to do is to produce 
valves which will not vary if they are shaken. The 
fundamental formula as given by the author, D = 120 it 
(IhjdX), has nothing to do with either the instrument 
or the measurement; it is merely a sort of basis for 
the comparison of transmission measurements. The 
author colts his coupling aperiodic, but this is surely 
not correct, because there is some capacity in the 
amplifier, and there is a coil connected to that capacity. 
It must therefore have a frequency, unless it is very 
highly damped. As regards screening, if a very strong 
signal is being measured the circuit of the local oscillator 
would pick up a small amount if it happened to be in 
the right orientation. In the calibration of thermo¬ 
ammeters by direct current, the only type of thermo- 
ammeter that can safely be used is a single-junction 
one; a multiple-] unction ammeter will give very un¬ 
expected results. The' reason is that the junctions 
are not absolutely symmetrical. The direct-current cali- 
bration.of even the Duddell thermo-ammeter may difier 
very appreciably, e.g. 10 per cent, from that with alter¬ 
nating current a± 300 periods or higher frequencies, i 
is greatly to be hoped that before long there will be 
a more continuous record of signal strengths, an a so 
that it may be possible to get measurements on shorter 
waves. The formula of Fuller, Austin and one or two 
others give good results on comparatively long wave^ 
say of 2 000 m and upwards, but if they were correct 
for short waves it would appear to be perfectly impossib e 
for amateurs in London to hear 1 kW stations in America. 
There is very little doubt in my mind that these formulae^ 
with their exponential coefficients do not cover wav^ 
down to 200 or 300 m, and it would be interesting to 
get Some real measuremen1:s with short waves of con- 
silerable power. With short waves the consequent 
absence of disturbance from atmospherics would be 
of great advantage in the Tropics. 


Admiral of the Fleet Sir Henry j|lckson ; In the 
absence of Prof. Howe, a member of th# Radio R^earch 
Board, I will try to take his place and deal with the 
subject on their behalf. In the early days of Ijie Ra(ho. 
Research Board we all came to the conclusion ttot 
some standard instrument was required for measuring 
the intensity of the fields at long distances frojn trans¬ 
mitting stations. Eventually the author agreed to take 
up the subject at the National Physical Laborato^, 
and this paper is the result of his work. We are, for 
the present, accepting the instrument as our standard, 
and I think that the tables shown justify us in 
saying that we want such an instrument. Four 
have been ordered: Prof. Howe is going to work 
one of them at Glasgow University; another one is 
going to Aberdeen University to be worked^unde* Prof. 
MacDonald’s auspices ; one is going to Slough, and the 
fourth may be at Teddington, where one already exists 
at present, men these instruments are erected in the 
course of the next few months, we shall be able to see 
what difference there is between signals in the north 
and south of Scotland and in the south of England and 
possibly at some other places at the same i^tant 
This will enable some idea to be gained as to whethe 
the effects are local or whether they are»really li® ® 
the Heaviside layer or any other cause. I hope also 
that it will be possible to co-ordinate dftection-linaing 
results with the measurement of these signals. • It seems 
to me very important that if there are abnormally 
strong or weak signals, and the directional 
peculiar, it would be worth whUe analysing tht two 
together. With two stations, such as^ Slough and 
Teddington, in telephonic communication, might ue 
able to measure the two effects simultaneously and see 
if the bearing errors varied at the same time as e 
abnormal strength of signals on this instrument. Th ^ 
author mentions the fact that these electric waves may 
sometimes not arrive absolutely vertical on the ^htenna. 
In some work which I have been doing for the past 
tivo years I have tried to measure this ifcclinabon, if 
any, by means of a frame aerial which I can rotate in 
any plane. About a year ago I described some work 
wMch I had done with a frame aenal working on two 
axes, and I have now one which works on three axes^ 

I have taken every precaution which has been sugge 
to me in discussions at the various Sub-Committeds of 
the Radio Research Board, and I have obtained some 
interesting results. It is sometimes 
axes at such angles that a rotation on one of them wU 
not change the strength of the si^al and a blind 
band, a degree wide, will be obtained. The maxiinu 
deflection from the vertical that I have measured is 
about 20 degrees. I hope that others will carry ou 
this sort of work and take measurements to observe if 
the waves are inclined. I have often noticed what may 
be called “ wireless fogs.” In one case at sunset I was 
observing a station and tuned to a fern wave, and I 
could get practically np directional efiect at all for some 
minutes, but 20 minutes after sunset the bearing coidd 
be accurately measoted. At other times the direction 
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of near stations could be^ accurately taken, when distant 
stations gave no directional effect at all. These points 
maif be of interest, and I hope that they will be considered 
in connection vdth the future measurement of signal 
strength. % 

Dr. E. H. Rayner : The work described has been 
carried out under very great disadvantages. The fact 
that only a few minutes a day have been available for 
making experiments, and never more than two minutes 
together^ is sufficient to show what patience is required 
in work of this nature. It is to be hoped that there 
will be a considerable increase in the number of 
URSI signals and in their duration. Comments and 
suggestions will be most warmly welcomed by the 
Sub-Committee of the Radio Research Board which 
has to deal with this subject. The Committee make 
no claim for credit for the work which has been done 
by the author, and on their behalf, as Chairman of the 
Committee^ it is a great pleasure to me to offer him 
their thanks and congratulations. The further work 
on these lines when we have a number of stations working, 
combined with simultaneous observations of the direction 
of the apparent wave-front, cannot fail to give results 
of the greatest value, especially on “ disturbed ’’ days. 

Mr. E. B. JVIoullin : Every detail of this paper.has 
been of peculiar interest to me, for the author and I 
have been working quite independently at the same 
problem durifig about the same period of time. I think 
that anyone who has used both the audible and the 
visual meth^A of comparison, as both the author and 
I have dbne, must be convinced of the great superiority 
of the visual method. I think that, except in very 
special cases, the audible method is a thing of the past. 
The Author’s reference to the difficulty of adjusting to 
perfect resoijiance even in coniparatively high-resist- 
^ince circ^jiits seems very familiar to me, I think that 
perhaps the difficulties in preparing the apparatus 
have made him slightly exaggerate the necessity of 
making measujements with great rapidity. Surely signal 
measurements are of great commercial importance, and 
if this is so the necessity merits plenty of special signals, 
and the serious experimentalist should not have to put 
up with thS best that chance gives him. Large sums 
of money are being spent on erecting stations of ever- 
increasing power so as to ensure continuous service. 
This has proved a successful though expensive method, 
but now that signal measurements can be made with 
a visual indicator, with certainty and comparative 
ease I think that the solution of questions such as 
optimum wave-length for a given distance, the relation 
beiiween wave-length ahd fading and wave-length and 
atmospherics, has become an economic necessity. If 
special signals are arranged during an interval of, rather 
than before, regular service three or four long dashes 
of half-minute duration should be ample; the general 
disturbance caused thereby would be small. I am 
surprised that the author considers that reception with ^ 
a k)op i.s advisable, for it greatly enhances the difficulties. 
If an aerial is used, the E.M.F. set up by a given field* 
strength will bO vastly greater than that in a loop, and 
consequently the necessary niimber of amplification 
stages can be much reduced, with a great ^ain in ease 
of manipulation. , It may be sfgVLQd that the aerial i 


has to be calibrated, but this can be done by measuring 
a strong signal both in the aerial and in a loop. Also, 
if signal measurements are required for investigating 
fading effects and the like, is it not relative rather 
than absolute values that are required ? I think that 
there is a good deal to be said for replacing the loop by 
a big aerial. Now if the E.M.F. to be measured is 
fairly large and the number of amplifier stages are few, 

I do not find that screening is a very difficult matter. 
As the author’s method requires a local generator to 
calibrate the amplifier, is there not something to be 
said for introducing the local E.M.F. straight into the 
aerial circuit rather than working indirectly via the 
aerial resistance ? The author tells us that he does 
this to avoid screening, but if aerials are used instead 
of loops is there any point in avoiding screening ? 
With audible comparison I think there is, because, as 
the author says, there is always the uncomfortable 
feeling that perhaps the screening is nc5t complete. 
With visual indication, on the other hand, "'this doubt 
need not exist. The current in the local generator 
being kept constant, the E.M.F. introduced int^ the 
aerial may be varied by altering the value of a mutual 
inductance or of a resistance potentiometer. If the 
screening is imperfect the E.M.F. introduced through 
stray paths will remain constant, while the E.M.I. that 
it is desired to introduce will vary. The galvanometer 
deflection cafi be plotted against the value of the mutual 
inductance, and if the result is a straight line through 
the origin, the screening is shown to be perfect. If it 
is not perfect then the screening can be improved until 
the calibration line does go through the origin. ^ I have 
used this method of measurement * and £nd it to be 
comparatively simple. I should like to know the 
author’s views in regard to the use of aerials and with 
regard to introducing the E.M.F. directly in the aerial. 
Does he consider that there is some distinct advantage 
in working via the aerial resistance ? 

Major H. P. T. Lefroy: On page 505 the author lays 
emphasis on the necessity for using an accumulator for 
balancing, but he does not state what type of high- 
tension battery he employs. If it is an accumulator 
battery 1 can see his point, but if it is a dry-cell battery 
would he not get as good results by using, for balancing, 
one cell of the same type ? As the currents are balanced 
to zero, it follows that both batteries discharge at the 
same rate, and so the more uniform they are in con¬ 
struction the steadier should be the zero. On page 504 
the author mentions that he has ^ inch between the 
turns of his coil-aerial, but this apparently does not 
come into his calculations, unless it is covered by 
his measurement of the effective resistance of the coii 
^aerial. I am doubtful whether, in the case cf absolute' 
measurements, it is safe to ignore the distance between 
the turns of such a coil aerial. It is my experience that, 
for a given area and number of turns, ttys wider the 
spacing of such turns the stronger are the signals 
received. I presume that this means that the voltage 
on the detector is greater J:he wider the spacing of the 
turns. It seems probable ^that the nearer the coil 
turns are, the more they tend to screen each other from 
the incoming signals. I am doubtful whether thi^ 
* See Journal 1923, .vol. 61, p, 67. 
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effect is completely allowed for by measuring the effec- 1 
tive resistance ; would it be just as good for the author’s < 
purpose to have, for instance, inch between turns ? 3 

On page 509 the author refers to the special con- i 
ditions Ijaat existed on the 2nd February, 1922, and • « 
I should like to ask him whether he made a point of 
recording tfie meteorological conditions on that day ? 
From the nature of his investigations he is in a position 
to observe frequently the abnormal strength or weak¬ 
ness of standard signals, and a careful analysis of the 
corresponding meteorological reports might lead to 
some insight into what weather conditions accompany 
abnormal signal strengths. I have evolved a rough 
method for the measurement of signal strength, which 
may be described as a zero method. The receiver is 
first balanced to zero for silence ; when the signal 
arrives a certain deflection occurs ; by adjustment of 
the filament rheostat, ‘whilst the signal continues, this 
deflection is* again balanced to zero ; the rheostat is 
arranged t© have an open scale and a suitable pointer, 
and the change in its value between the two positions 
of bclance indicates roughly the strength of signal 
received. The change is usually about | ohm to f ohm, 
and the balances can be easily and rapidly obtained. 

Mr. T. L. Eckersley : The value of the paper is 
enhanced perhaps because, it seems to me, the author 
has developed an instrument which differs in important 
respects from the ones that have been in use up to the 
present, i.e. the method due to Vallauri and that 
developed in the Marconi Company by Capt, Round, 
Mr. F. C. Lunnon, Mr. K. W. Tremellen and myself. 

A comparison between his apparatus and our own 
should give'aovaluable check on the accuracy of the 
overall working of each type of instrument. The chief 
novelty of the N.P.L. system is in the use of a galvano¬ 
meter for matching the actual and local signal, and 
very strong opinions have been expressed during the 
discussion that this is the only reliable or even possible 
method, and, although I fully recognize the insensitivity 
of the aural method of matching signals, the galvano¬ 
meter method has the serious disadvantage that it 
cannot be used on ordinary Morse signals. I should 
like to know whether the author has been able to 
measure with the galvanometer weak signals from the 
American stations, e.g. down to 4 or 5 microvolts per 
metre on wave-lengths between 10 and 20 km. With 
regard to the accuracy of matching audio signals I agree 
with the author that 5 per cent is about the limit of 
accuracy in normal working, but in exceptional cases 
where strong signals are used, interpolated by signals 
from^the artificial circuit, an accuracy of 1 per cent 
has been obtained by Mr. Lunnon when comparing two 
signal-measuring instruments. I am inclined to feel^ 
that the gain in accuracy on using a galvanometer is 
outweighed by the disadvantage consequent on loss of 
audio select^ity and the impossibility of use on ordinary 
Morse signals. I should also be inclined to think that 
the galvanometer method would fail in the presence of 
strong X’s where it is still possible to match audio 
signals with a fair degree o^lE accuracy. The author s 
method also involves the measurement of the resistance 
of the receiving aerial. Personally I have always found 
this to be a difficult ‘matter and one that is always 


liable to some uncertainty ^nless very special pre¬ 
cautions are taken. Again, the mutual inductance 
must be measured. ’ All these measurements—made 
against time—appear to me to introduce possibilities 
of error which the direct substitution! method avoids. 
It has been our practice for some time past to do away 
entirely with the dummy circuit and induce ^he local 
signal direct into the aerial during the intervals of 
sending. The actual and local signals are then under 
the same conditions of X’s and jamming, ancj can be 
matched without any fear of the psychological effects 
of X’s marring the results. I can vouch for the fact 
that this method is possible, as I have received many 
thousands of observations from Mr. Tremellen taken 
in this manner on his voyage out to New Zealand. This 
method avoids all uncertainties of resistance measure¬ 
ments. It is sometimes difficult to find intervals to 
chip in” when a station is sending high-speed auto¬ 
matic signals for long periods, but in thi^ case* it is 
possible to use a method devised by Mr. Beverage and 
Mr. Rust in which a unidirectional receiver is used, by 
combining vertical and aerial and frame, in which the 
intervals are artificially made by balancing the frame 
against the aerial. On page 503 it is not fair to say 
that if the wave be tilted the relation I =f 27rDanl(R2A), 
where D is the vertical force induced, holds, for the 
E.M.F. induced in this case also depends on the hori¬ 
zontal electric force X in the direction of propagation 
and is na . This quantity is, however, negligible 

in every case where the ground has not a* greater resis¬ 
tivity than about 1 000 ohn^s per ft. cube, or about 
2 X lOi® units. With regard to the effect of jamming, 
it has been our experience, so far, that when using cur 
types of measuring instruments, jamming makes %"eiy^ 
little if any effect on the measured strejigth of the 
signal received. The use of a strong local h^terodyn^ 
makes the signal and the interference very approx¬ 
imately linearly independent, but I should doubt 
if this was the case when using ordinary rectification 
without heterodyne. This raises the point as to- 
whether the absence of a local heterodyne is really 
an advantage. It certainly is an advantage in sim¬ 
plicity, but the point raised just now may Be serious in 
certain cases, and ordinary square-law rectification 
makes weak signals difficult to measure. The author 
must be congratulated on being able to dispense with 
shielding, although his method of doing so is not 
exactly clear to me. It seems to me rather a dangerous 
proceeding, especially when dealing with very weak 
signals. The capacity coupling with a resistance- 
amplifier is likely to be of the same order of magnitude 
as the inductive coupling, so that the use of a resistatice- 
capacity amplifier cannot facilitate to any great extent, 
the problem of shielding. The fact that the local 
os'cillator may be‘ sHghtly mistuned without altering 
the effective E.M.F. induced in the amplifier seems to 
be a point in the favour of the N.P.L. system. With 
the use of a heterodyne very accurate setting of tjjre 
local oscillator is necessary in order to match the 
heterodyne notes. This setting is often made more 
difficult by slight variaiions of the signal wave-length, 
and generaSly involves considerable care and time in 
( adjustment. 
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Mr. F. J. Chambers ; With reference to the need 
for a stable amplifier, I*should like to ask the author 
if has tried substituting well-insulated condensers 
for the grid-filsHnent resistances. The reaction of the 
output circuits upon the input circuits, due to valve 
coupling, is then ‘‘counter feed back” and can be 
reduced ^o a negligible value by making the condensers 
lafge compared with the anode-grid capacity of*the 
valve. The principal source of trouble in a resistance 
• amplifier is the action at the first stage. This might, 
be dealt with by connecting the source of E.M.F. to the 
first grid through a non-inductive resistance, with a 
further non-inductive resistance between the grid and 
filament of the first valve. If these resistances are 
properly chosen with reference to the other circuit 
constants, the anode reactance and the grid-anode 
capacity, I think that retro-action could be avoided. 

Mr. E. H. Shaughnessy : On page 502 the author 
points^out that the measurement of signals can be made 
either on the routine transmission or on a short, special 
signal sent for the purpose. He says : ” Observations 
seem to show that the first of these is not of much value 
except for very rough measurement, owing to the 
continual and irregular. variations produced by the 
keying.” I should like to know precisely what he 
means by that; whether it is simply the fact that his 
galvanometer needle vibrates too much for him to get 
a reading, or#whether the strength of the field when 
signals are coming in differs appreciably from that 
when a long tlash is being sent. From a practical 
point of view we want to get signals and not long dashes. 
That is why up to the present the audibility method 
has been used for measurement, and, following the 
Marco*ii practice, we have always applied it to actual 
signals. The table on page 509 shows that the strength 
the field as measured varies from 1 040 on 20th 
November*to 2 250 on 17th November and 1 900 on 
21st November. I am ignoring the abnormal figures, 
and I presume that these measurements were taken 
at the same tifiie every day. An engineer designing 
a station is very badly in need of some substantial and 
accurate figures of this nature. The strength of the 
signals on on« day was 4 260, and someone may accept 
this as reliable, whereas the figure that should be taken 
is that for 8th January, viz. 840. Measurements taken 
all over the world with apparatus of this or a similar 
nature will be very valuable to us all. 

Professor E. W. Marchant {communicated) : In a 
pap^ read before the Institution in February, 1915, • 
(see Journal vol. 53, p. 329) I described a method 

of measuring the signal strength which had been used 
in thefLiverpool Laboratories of Applied Electricity for 
determining the variation in the strength of the Paris 
time signals and of a station at Brussels. In these tests 
we used an Einthoven galvanometer in conjunction 
with a crystal (perikon) detector which was calibrated 
by a buzzer circuit, the current being measured by a 
JDuddell thermo-ammeter. These measurements were 
maiiily relative, the absolute values of the microvolts 
per metre oh thetaerial not being estimated. The aerial 
was very badly placed for this purppse as it was attached 
to a mast erected on the top of a steel-frame building, 
and its effective height, therefore, would be difficult to . 


determine with any degree of certainty. Since last 
September, Mr. Sharpe in this laboratory has been 
constructing an apparatus for measuring signal strengths 
of muchlonger wave-length, the arrangement used being 
somewhat similar to that described by Mr. Lunnon in 
the discussion some two years ago on Mr. Elwell’s paper 
on ” Long-Distance Wireless Transmission.” ♦ The 
arrangement described in the present paper, also, is 
somewhat similar to our system, the galvanometer 
being connected in the plate dircuit of the last valve, 
a balance current, obtained from a secondary cell, com¬ 
pensating for the steady current which flows through 
the plate circuit, sp that the galvanometer only records 
variations in the plate current, corresponding to the 
received signals. So far, no actual measurements have 
been obtained of the long-distant stations. The greatest 
difficulty in connection with these tests has been the 
elimination of signals of similar wave-length to those 
being measured. The method of calibrating the detector 
described by the author is very similar to that which 
we used in our tests in 1914, but the variations in signal 
strength that the author has obtained and described 
on page 509 are much greater than those found in most 
of our experiments for the daytime. The actual varia¬ 
tion during the day for the Paris time signals in Liver¬ 
pool (which would be roughly the same distance as 
Nantes is from the N.P.L.) is of the average order of 
±25 per cent, depending on weather conditions. 
Variations during the night are, of course, very much 
greater and I presume that the figures given on page 509 
for the signals from Nantes (UA) must include some 
measurements after dark. The variation in the effective 
resistance of his testing set appears- t& be very 
considerable, having a minimum value of 6*3 and a 
maximum of over 42. It is difficult to understand 
exactly why it is necessary for the receiving set to have 
such a very wide variation of effective resistance. 
Would it not be better to use for receiving a set in 
which the effective resistance was practically constant ? 
Reference is made on page 508 to the variation in sensi¬ 
bility of the author's receiver with varying high-fre¬ 
quency E.M.F. of the received signal. Unless one is 
going definitely beyond the saturation point of the 
valve with any of the signals, there should not be any 
serious change of sensitivity with varying E.M.F. of 
the received signal. It is, I think, .desirable to work 
the amplifying valve as near as possible to the centre 
of the straight part of the characteristic curve, so as to. 
make sure that this condition does not occur. 

' Mr. J. E, Taylor {communicated) : Some 11 or 12 
years ago I had some preliminary tests made with a 
view to measurements of wave-strengths at a distance 
from the transmitting station. At that date damped- 
i^ve transmission from spark transmitters was in 
general use and the tests were confined to such trans¬ 
mission and to relatively short waves not far removed 
from the natural wave-length of the aerial used and 
t>f perhaps 200 m to 400 m. The distance from the 
Jbransmitting station at which the measurements were 
made was also quite small, i.€. about two or three miles. 
The method consisted of insercing a Duddell thermo^ 
galvanometer into a receiving aerial, and an.attempt 
* Journal J.E.E., 1921, vol. 69, p. 677. 
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■was made to obtain a resonance curve from the galvano¬ 
meter readings while varying the tuning of the receiver 
through a suitable range. It had been expected that 
the curve so obtained would bear some direct relation 
to the resonance curves obtained at the transmitting 
station by the usual method of wave-meter and thermo- 
milliammeter. On the contra^, however the curves 
at the receiving station had’ entirely different cha¬ 
racteristics and indicated a bluntness of tumng not 
accountable lor by the measured effective resistance 
of the receiving system. They also exhibited a double¬ 
hump characteristic in which the humps bore no sort 
of relation to the coupling waves <{£ the transmitter. 

The bluntness of tuning was such as to swamp entirely 
any characteristics of the transmitter, the coupling 
waves of which might be varied within wide limits 
without being detectable. It was also confirmed that 
with ordinary wireless crystal receivers the couphng 
waves were undetectable, so that the necessity for 
legislation-as regarded the permissible limits of coupling 
of transmitters was not obvious. Such legislation 
appears to have been based on erroneous assumptions 
derived from resonance curves taken at the transmitting 
station itself. Probably somewhat similar tests mve 
been since carried out by other investigators and have 
been carried to a more definite conclusion than the 
incomplete series to which I refer. Bearing in min 
the nature of the results obtained with damped-wave 
transmission as above, I should like to know if the 
author has evolved any resonance curves with ms 
apparatus on continuous-wave reception and, “ so, 
whether he has found that they bear any direct rela,taon 
to resonance curves obtained at the transmitting station. 

• If he has not yet made such tests I think it would be 
time well spent to do so. The author’s method, sys¬ 
tematically pursued, promises results of great interest, 
more especially in regard to comparative results as 
between different types and locations of stations, as 
well as seasonal and other variations of signal strength. 

Mr. J. HoUingworth (in reply) : I quite agree 
with Dr. Erskine-Murray that the problem of a cali¬ 
brated amplifier is one of apparatus rather than ot 
principle, ^nd it is quite .likely that wdth iinprove- 
ments in valve construction such a thing will become 
possible, though it seems likely that even then the 
adjustments might be highly critipal. In ac^ordmice 
with his suggestions the word “ aperiodic has been 
changed to "untuned.” As to “ pick-up ” m the 
local oscillator, "if it were suspected, it could be elimi¬ 
nated by slightly changing the wave-length, as « 
been sho-wn that such small changes do not afiect 
the calibration. There is no doubt a great field in 
.the extension of such measurements to short wav^ 
and it is hoped to carry it out, but with the reduction 
in wavelength the instrumental difficulties increase 
very rapidly o-wing to the increased effect of small 
stray capacities at the higher frequencies. 

It is hoped that further tests may justify the usd» 
of the apparatus as a standard as suggested by. 
Admiral Sir Henry Jackson, but on work of tow 
nature it is important to define what is meant by this 
expressiqn. In ordinary electrical measurements no' 
instrument can lay claim to be called a standard unlesg 


it can be relied on to an accuracy of at least one in 
a thousand. In the present state of radio work oi 
this nature such an achievement is, of course, in^s- 
sible: and toe word must be taken as implying toa 
the limits of accuracy are definitely-, defined in each 
case. The check involved by the resistance measure¬ 
ment appears to provide this, and gives ai)Ower^ot 
separating good and bad readings whether such are 
due to the set -itself or to transmission irregutoties. 
During the Horsea tests last year some experiments 
were .made to see if there was any direct connection 
between abnormal bearings and abnormal signa 
strength. The results, considering individual observa¬ 
tions, appeared to be entirely negative, but from 
results such as that on 2nd November it appears that 
a period of abnormal signal strength may be accom¬ 
panied by directional variations, even if the converse 
is not true. When the station at Slough starts working 
regularly such simultaneous observations ■w'ould be 
possible and certainly of value. 

The problem of aerial versus coil raised by JVfr. 
Moullin is one in which there is a great deal to be 
said on both sides. The fundamental advantage ot 
the aerial is certainly toe large E.M.F. and, coMe- 
quently, the decreased amplification involved, ihe 
primary reasons for toe use of a coil in these experi¬ 
ments were portability and possibility of use m places 
where an aerial was impracticable; also the 
the advantage that its constants are much more den- 
nitely known than those of an aerial. «For pure com¬ 
parative purposes this does not matter, kub i a ec 
any attempt to obtain absolute figures. The deter¬ 
mination of the effective height of an aerial is one on 
which there is much uncertainty at the present? and 
Vallauri has shown t that it may vary very consider¬ 
ably with the orientation of the observing static i. 

It also varies with the wave-length, and possibly with 
the surface conductivity of the ground in th® neigh¬ 
bourhood. The method of injecting the calibrnting 
EM.F. into the aerial is practically'that of Lieut. 
Guierre and is discussed on page 602 of the paper, the 
whole problem being the difficulty of ensuring a 
silence period in which to perform the isjection. 

In reply to Major Lefroy the high-tensmn battey 
consists^of small Leclanch6 wet cells. So far this 
has given no trouble, though admittedly it is fanly 
new. The steadiness of the anode current (i.e. e 
filament emission) depends on two factors, toe ano e 
voltage and the filament temperature. If toe valve 
be run very bright on the upper flat ]^rtion of toe 
temperature/emission characteristic, the latter of toe 
two factors is negligible and the 

question of steadiness of anode voltage. For efficient 
working it is usual to run toe filament less bnght on 
the stelp part of toe characteristic, and in this case 
a much greater variation of anode current is caused 
by small variations of filament voltage than by co^^ 
spending small variations of anode voltage. 
case it has been found best to balance the filament 
drop by an accumulator working on-a potentiometer 
of about the same resistance as the filament. 


* Eckersley; Electrician, 1923, vol. 90, p. 134. 
t Radio Kevieo, 1921, voL 2, p. 186. 
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The question of spacing is a very interesting one. 
It is equivalent to the consideration of the screening 
effect of the cu^ent in any turn on adjacent turns. 
Now the occurrence of such an effect is illustrated by 
the fact that if % the wire resistance of a coil were 
decreased indefinitely^ the current in it would tend to 
a finite lijpiit. This is shown in the theoretical treat¬ 
ment of the coil by the appearance of a quantity 
known as the radiation resistance, which depends on 
the dimensions of the coil and is added to the normal 
wire resistance. It appears, therefore, that any such 
effect is allowed for by the measurement of the resist¬ 
ance under working conditions. Actually the radia¬ 
tion resistance of a coil is usually very small compared 
with its wire resistance. A more likely reason for the 
effect referred to by Major Lefroy is that as the spacing 
between the turns is decreased the inductance rises 
fairly^ rapidly. Now I have mentioned on page 505 
that if» ther^ be any power absorption by the valve, 
or loss due to poor insulation resistance, the effective 
resistance due to this is nearly proportional to the 
square of the inductance. It seems more likely that 
the behaviour referred to was due to this cause than 
to the one previously discussed. There is also the 
fact that the actual high-frequency resistance of the 
wire composing the coil itself is affected by the spacing. 

I think that there is no doubt that the meteorological 
conditions play a considerable part in the variations, 
although I have not actually confirmed it in the case 
of 2nd NovemJJer, but it is an effect I have frequently 
suspected ^rom the results ^obtained. It will certainly 
be taken into consideration as soon as systematic 
observations begin. As to the earlier remarks of Mr. 
Ecker^ey, I-agree that it is too early to give a definite 
decision as to the relative values of galvanometer 
aisd telephone methods, though there appears to be a 
general tendency among the more recent workers to 
use the galvanometer. Personally I am inclined to 
think that, owing to the large number of different 
conditions under which such measurements are required, 
there is room for both types. 

One object of signal strength measurements, and 
indeed a very important one, is the determination of 
their value under actual routine conditions of working. 
These are not invalidated by such factors as exces¬ 
sively weak signals, bad atmospherics and unsteady 
transmission, which factors must be allowed for in 
considering such transmissions, and even if the results 
obtaihed are not of a very high order of accu¬ 
racy their value is considerable. For such work an 
audil^ility. measurement is probably m.ost suitable. 
The N.P.L. apparatus was, on the other hand, 
designed more for theoretical observations on the 
' URSI'' signals. In this case the limits of accuracy of 
each individual observation must be known and must 
be correlated with carefully observed sending condi¬ 
tions. Observations on the dashes seem to suggest 
^hat^a transmitting set does not always settle down 
immediately to a steady condition when the key is 
pressed, and in this case it is not easy to specify the 
exact transmitting conditions whgn Morse signals are 
being sent. This also covers the point raised by Mr, 
Shaughnessy. The consistency of -ftie resistance series 


obtained seems to show that, for a coil at any rate, it 
is a fairly definite quantity, though with an aerial it 
might not be so. The mutual inductance has not to 
be measured during the observation, as it is determined 
once and for all during the preliminary calibAtion of 
the apparatus. . This and the-fact that accujrate tuning 
of the local oscillator i^ unnecessary make the actual 
measurement very rapid. Readings have been obtained 
with time to spare in cases when no preliminary 
signals were sent, but merely the URSI call immediately 
followed by the dash. I think that the abolition of the 
dummy aerial in Mr. Eckersley's system is a very 
great improvement, though it is only obtained rather 
at the expense of simplicity of apparatus. I do not 
quite follow his remarks as‘to capacity coupling, as 
he does not say between what points he is considering 
it; the primary reason for there being no need of 
screening is that the coil and local oscillator are never 
working at the same time. The capacity component 
of the calibrated mutual inductance is allowed for 
by the method of calibration, and stray capacitie;^ 
between the oscillator and ampMer are minimizea by 
mounting everything on porcelain legs. It was found 
by experiment that the ratios of the mutual induct¬ 
ances of the various secondary coils as measured by 
the method given in Fig. 3 agreed generally within 
1 per cent with the same ratios obtained by vary¬ 
ing the current in the calibrated oscillator so as to 
give the same galvanometer deflection on the 
amplifier with different pairs of secondary coils. As 
the amplifier is not used at all in the first method 
this shows that the effect of such stray capacities is 
negligible. 

I have not tried the method suggested by Mr. 
Chambers, but any method of controlling rather than 
abolishing retro-action is to be welcomed. 

The variations in resistance referred to by Prof. 
Marchant are due to three causes. The first, which 
in general accounts for the slight variations, is due 
to slight changes in the batteries, etc., and also at 
times to dust or damp on the leaks. The amplifier 
used for these measurements was the original model 
constructed in the early days of the experiments. 
Many modifications and improvements are being incor¬ 
porated in the later model which is now under con¬ 
struction. The two other causes were intentional. 
The first of these was that the amplifier adjustments 
were varied so as always to give a 4)ractically full- 
scale deflection on the galvanometer. For instance, 
in a case where the signal was larger than usual and 
the galvanometer under normal conditions just off •the 
scale it gave a finer adjustment to vary the amplifier 
sjjghtly than to use the galvanometer shunt of which 
successive steps were in the ratio 3:1. The extreme 
variations were due to another cause. As in this 
naethod of measurement the state of the amplifier is 
directly involved in the calculations, it was thought 
to be of the utmost importance to show that this did 
€iot affect the final result. The amplifier was therefore 
varied by using two, three or^five valves and widely 
varying amplifications on different occasions; This is 
strongly illustrated in the reading on Rome on 
5th January where the amplifier was deliberately 
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made almost reactive, its 

1-7 ohms; and yet the reading was stiU consiste t 
with others, whereas the amplification was ^ 
greater. The readings on Nantes were f £ 

2 16 p.m. (G.M.T.), this being the time of the specia 
signal The variations are certainly large, but appear 


in general to* be of the sam% order as those observed 
at Meudon on similar transmissions. 

In reply to Mr. Taylor I have n^t been abte to 
determine any resonance curves such as he refers to, 
but this could easily be done when# the transmission 
from Teddington to Slough is in working order. 
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Synopsis. 

This Report describes the further investigations on 
the Heating of Buried Cables and includes the essential 
portions of the Preliminary Report (Journal I.E.E., 
1921, vol. 69, p. 181). 

The theoretical and experimental work has been 
carried to a stage at which iif is possible to issue tables 
of maximum permissible currents for all the si 2 es and 
types in general use of paper-insulated cables dealt 
with in the British Standard Specification for Dimensions 
of Insulated Annealed Copper Conductors for Electric 
Power and Light (B.S.S. No. 7—1922). 

Tables of maximum‘permissible currents (page 621).— 
Tables of maximum permissible currents for all the 
sizes and types in general use of impregnated-paper 
lead-covered cables dealt with in B.S.S. No. 7—1922, 
have been calculated on the basis of experimental 
results obtained with a large series of cables, both with 
circular ^nd segmental conductors and including both 
armoured cables laid direct in the ground and lead- 
••co^ered cables in ducts. 

Full notes are given with the tables, explaining the 
method and bases of calculation, and an indication of 
the effects of variations from the assumed constants. 

• Constants employed (page 534).—^The constants recom¬ 
mended and on which these tables are based are as 
follows, the reasons for making this selection being 
given later:— 

(1) Thermal resistivity of the dielectric (page 634): 

For cables up to and including 2 200 volts « 760. 

For calces above 2 200 up to and including 11 000 

volts =^50. 

Higher values have been adopted for cables with 
conductors having sectional areas less than 0‘06 sq. in. 
to allow for the difiSculty in manufacturing small 
cables. 

(2) Thermal resistivity of armouring and protective 

coverings (page 524) = 300. 

(3) Thermal resistivity of the soil (page 636). 

Current-loading tables are given corresponding to 
the following values of thermal resistivity and moisture 
content:— 


9 

Thermal 

nesistiyity,iir 

Approximate Moisture Content 

Sandy X^oam 

Heavy Clay 

340 

0 

1% 

180 

6% 

17% 

120* 

10% 

— 

90 

16% 

— 


In the case of heavy clay soil with moisture content 
greater, than that given above the value of the thermal 
resistivity is ncffc reduced appreciably; for instance, 
with a moisture content of 26 per cent the thermal 
resistivity is approximately 160 (see Fig. 6). 


(4) Depth 0^ laying (page 638). 

As representing average practice the depth of la 3 dng 
is taken as 18 in. to the cable axis for cables fon> pres¬ 
sures up to and including 2 200 volts, and 3 ft. for 
cables for pressures above 2 200 volts ;ip to and including 
11 000 volts. 

(6)» Temperature limits (page 541). 

The normal maximum temperature of the soil is 
taken as 16® C. 

The maximum temperature to which the” dielectric 
and conductor may be exposed is taken as 66® C. for 
armoured cables laid direct in the ground, and 60® C. 
for plain lead-sheathed cables drawn into ducts. 

The temperature-rises on which the tables are based 
are therefore 60 degrees C. and 36 degrees C. respectively. 

Theoretical and experimental work (page 633).—^The 
report and appendixes together give a detailed account 
of the problems underlying the investigation and the 
experimental work necessary for their elucidation. 
These may be briefly summarized here. 

The evaluation of the temperature-rise of the con¬ 
ductor of a cable buried in the ground depends on the 
fundamental relation 

H = tKS + Q) . 

where H = heat developed in the conductor per sec. 

' t = temperature-rise of the condrctor. 

S — thermal resistance between the conductor 
and the surface of the ca'^le. 

G = thermal resistance of the ground surrounding 
the cable. 

The consideration in detail of the separate tCrms of 
this equation is a convenient way of reviewing the 
main outlines of the problem. 

The heat per sec. H depends on the current and the 
resistance of the conductor or conductors. In the 
report it is expressed in watts. The introduction of 
any conversion factor in the equation is thus obviated, 
as the thermal resistances and resistivities are also 
expressed in electrical measure (i.e. the difference in 
degrees C. which causes the transferenciT of one watt, 
or one joule per second, of heat). 

The dielectric loss is neglected as it is negligible 
within the limits of 65® C. and 11 000 volts. 

The temperature-rise t of the conductor is an arbitrary 
value which has been adopted as the result of existing 
data. 

Existing information as to the temperature to which 
cables can be subjected for long continued periods 
without injury is most conflicting, and the experimental 
work necessary to provide reliable values is not complete 
and will necessarily require a considerable time. All 
published results have been fully examined, as have 
also other factors such as the expansion and consequent 
strains on cables subjected to alternate 
heating and cooling, and after full consideration of al^ 
sidq^ of the question, including the reHabihiy expected 
with underground mains, values of a maximum per¬ 
missible conductor temperature of 66® C. for anhoured 
cables laid direct in the grouhd, and 60® C. for plain 
lead-sheathed cable* drawn into ducts were adopted. 
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A" large amount of data has been collected for Great 
Britain and other countries, including India and Aus¬ 
tralia, of the tfjmperature of the ground at various 
depths. The information is- given in the form of curves 
showing the valtaes for a complete year. Taking the 
abnormally hot year§ of 1911 and 1921, the ground 
tei^peratire in Britain from November to April, is 
below 10® C., and it only exceeded 16® C. during the 
months of June, July and August. The value of 16® C. 
adopted i^y the Association for the normal maximum 
ground temperature for Great Britain, therefore, is 
well above the actual mean value and is only exceeded 
during the period when the cables are likely to be 
lightly loaded. 

The thermal resistance S of the cable, which is 
expressed in electrical measure per unit length of cable, 
depends on two factors:— 

(a) The thermal resistivity of the dielectric. 

(b) The lihes of heat-flow from the conductor to the 

surface of the cable. 

Regarding the dielectric, initial values given in the 
Preliminary Report (Journal 1921, vol. 69, 

p. 181) showed variations of the order of from 400 to 
1 200 in the value of the thermal constant K for cables 
made with apparently similar material. Further tests 
have therefore been made with modem cables, and as 
a result of th^e and of an investigation of the method 
of calculation, the values given on page 636 are recom¬ 
mended. •* 

Since it* is necessary to (determine the thermal resist¬ 
ance of any size or t^e of cable from a knowledge of 
the thermal resistivity of the material, the lines of 
heat-flow through the dielectric and the extent to which 
they affect the value of thermal resistance are of 
p?imaxy injportance. In the cases of single-core and 
concentric cables the problem is simple, but for multi¬ 
core cables the lines of heat-flow are complicated, and 
comparison of Jhree existing formulae due to Russell 
and to Mie made it dear that none of them was com¬ 
pletely satisfactory. 

Experimental determinations were therefore made, 
and it was found that considerable corrections were 
required. Russell's formula on account of its greater 
simplidty has been mainly used with the corrections 
evolved as a result of experiment. A curve of the 
errors for different sizes of cables is shown in Fig. 36. 
The^ errors range from 10 per cent for a cable as used 
for 20 000 volts to over 30 per cent for a 660-volt cable. 

The thermal resistiidty of the armouring and pro¬ 
tective coverings taken as a whole has been determined 
for a number of cables and the value taken is based 
on these experimental determinations. 

The thermal resistance G of the soil (page 636).— 
Here again two factors are involved. 

(а) The thermal resistivity of the soil. 

(б) The lines of heat-flow from the cable. 

• 

The theimal resistivity of the soil depends largely 
upon the amouift of moisture present, and partly upon 
the type of soil. A full series o^ tests was made with 
both sandy loam and heavy clay, in order to determine 
the effect of varying moisture confeflts. Curves giving 


the values obtained are shown in Fig, 6. Sandy loam 
wil^ a moisture content of 6 per cent has a thermal 
resistivity of 180, as compared with 90 for the same 
soil with 16 per cent of moisture. With heavy clay 
having about 17 per cent moisture—^nearly the*noimal 
value for such soil—the value is 180. 

As an example, a pasticular three-core 0*1 sq. in. 
6 600-volt cable laid direct in the ground at a depth 
of 3 ft. would have a current rating of 228 amperes 
for a thermal resistivity of 90, and 192 amperes for a 
thermal resistivity of 180; the effect, however, varies 
with different sizes and types of cables, as may be seen 
by reference to the tables (see pages 624-63.3). 

A large amount of data has been collected from 
various parts of the country, and in one case from 
abroad, giving the actual amount of moisture present 
in the soil at different periods of the year and under 
various climatic conditions. As a result it appeared 
that a fair average would be 10 per cent ^or sandy 
loam and 20 per cent for clay soil; but in view of the 
large differences possible, and especially in view of^thefc 
opinion expressed that in some cases the soil around a 
continuously loaded cable becomes quite dry, it was 
dedded to draw up load tables for four values of thermal 
resistivity corresponding to moisture contents ranging 
from 0 to 16 per cent for sandy loam, and 1 to about 
20 per cent for heavy clay. 

The appearance of soil is not a safe guide to its 
moisture content, as soil that is apparently quite dry 
is likely to contain 6 per cent of moisture. 

The exact nature of the process of heat transmission 
through the soil has been the subject of much^iscussion, 
and various assumptions have been mad^ regarding it. 
Kennelly in America and Teichmiiller in Germany 
adopted a formula based on the assumption that the 
surface of the ground above the cable was an isothermal, 
which implies that all the heat was ultimately trans¬ 
mitted to the surface of the ground, which being in 
contact with free air remains at uniform temperature. 
An alternative was the assumption of Apt that the 
cable was surrounded by a series of concentric isother¬ 
mals, which implies that the heat-flow proceeds uniformly 
I in all directions. The assumptions of Kennelly and 
Teichmiiller, although widely accepted, are not strictly 
accurate and the subject required data based on actual 
experiment. Special tests, in which all the usual 
variables were excluded, were therefore made to deter¬ 
mine the shape of the isothermals of%eat-flow imder 
ideal conditions, and it was found that neither of the 
above assumptions was correct (see page 643). Further, 
a large number of tests have been made on cables of 
different sizes laid direct in the ground, and from these 
ntsults, corrected to a common basis, in conjunction 
with the ihformation obtained above on heat-flow 
the Kennelly formula was modified so that it more 
nearly fits the facts, and it is on this new ^asis that 
^the current tables now submitted have been calculated. 

Depth of laying (page 638).—^The effect on the heating 
of a cable due to variation in the deplh of la3ring. <^a-n 
be calculated by an adaptation of the formula mentioned 
above. Experiments were made with three lengths of 
cable laid at different depths, and the results obtained 
*are in fair agreement with those -calculated. In the 
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Specific case of .a cable laid at various depths, the 
proportional values of the currents required to produce 
a given temperature-rise where all conditions were 
equal were 100, 97 and 92, at depths of 1 ft. 6 in., 
2 ft. 6"in. and 4 ft. 6 in. respectively. This, however, 
must not* be taken as a safe general rule, since it is 
likely that for a consideraWe part of the year the 
moisture content at a depth of 1ft. 6 in. would be 
less than at 4 ft. 6 in., and that the ground temperature 
would be higher. 

Other factors affecting the rating. 

(a) Grouped Cables laid direct in the ground (page 
547).—^The extent to which the rating of a cable is 
affected by the proximity of other cables has been 
investigated both theoretically and experimentally, 
and a method has been developed for the predetermina¬ 
tion of the mutual effect of two or more cables. Prac¬ 
tice as to» conditions of laying varies enormously and 
no general rule can be given. The method must, 
therefore, be applied in each particular case. As an 
o ex^^mple, however, for two cables laid in the same 
horizontal plane in a trench the maximum permissible 
current would have to be reduced in the ratios shown 
in the following table (see Table 37) : 


Distance between Axes 
of Cables in Inches 

Ratio of Maximum 
Permissible Currents for 
Two Cables 

4 

0*76 

8 

0*82 

12 

0*86 


At a distance apart of from 4 ft. to 6 ft. the difference 
becomes almost inappreciable. 

Wliere two cables are laid in the same trench and 
in the same vertical plane with 5in. between the axes 
the ratios would be approximately as follows:— 

With the uppermost cable 1 ft. 6 in. below the surface. 

For a small cable .. .. 0*86 

For a large cable .. ..0*78 

With the uppermost cable 3 ft. below the surface. 

For a small cable .. ., 0; 83 

For a large cable .. .. 0*76 

(6) Cables drawn into ducts (page 662).—^The existing 
information available for cables drawn into ducts is 
meagre and not capable of general application. More¬ 
over, in view of the lagging effect around the cable 
due to the air which may or may not be in motion, it 
appeared to be improbable that a general simple rAe 
could be devised? Experiments were therefore made 
to determine the difference in the rating of cables of 
various sizes under the following conditions: 

(i) When in air free from draughts. 

(ii) When drawn •into a duct. 

The first depends entirely on the constants of the 
cable, so that comparison of the two sets of values 
should indicate the effect of the duct. The tests madS 


showed that* with all sizes tf>f cable from 0*1 sq. in. 
concentric (external diameter = 1-1 in.) to 0*6 sq. in. 
concentric (external diameter = 2* 1 inr) and 0* 16 ^q. in. 
three-core armoured (external diameter = 2*9in.) the 
factor connecting the values of current for an equivalent 
rise of temperature in air varied from 0*98 to 0*936, 
tht lower value being due probably to the armouring, 
which gave a somewhat different value in air. This 
made it clear that the greater part of the resistance 
to the flow of heat from the cable was in the -thin layer 
of air immediately around the latter and that the 
relative size of cable and duct made little difference 
to the final result. It was decided, therefore, that 
current-loading tables for one plain lead-sheathed cable 
in a duct should be drawn up on the basis that the 
current required to produce the same temperature-rise 
in a cable in a duct is 0*95 of that for the same cable 
in air free from draughts. 

{c) Grouped cables drawn into ducts (pag«^ 652) .—Some 
tests have been made with the six-way duct shown in 
Fig. 20 in order to determine the effect of grouping, 
but these are not sufhcient to allow of general applica¬ 
tion. Further experimental work is required , on this 
subject. 

Current-rating of cables in air (page 651).—^All the 
cables used in the investigations have been tested in 
air free from draughts. Tests under this condition 
provide a satisfactory basis from whiclf the behaviour 
under other conditions can be deduced^ in the light of 
the information now available as to the ^effect of laying 
direct in the ground or drafting into ducts. A formula 
has been developed which fits the experimental series 
very well, and the current-loading tables for^ cables 
drawn into ducts have been based on this. The values 
for the air conditions depend on the emisBivity constat 
of the surface of the cable, among other factors. Tnis 
constant varies with the nature of the surface, but there 
is not a great and consistent difference between the 
black surface of an armoured cable q^nd a plain lead 
sheath. In cases when the lead sheath is new and 
bright the value is distinctly lower, but in general the 
values for both are of the same order, ^and it seems 
probable that when the surface of the lead has become 
dull the emissivity constant is substantially the same 
as for a black surface. . . ' . 

Current-rating of cables for cyclical intermittent loading 
(page 554).—It was suggested in the discussion on the 
Preliminary Report that use might be made of 
thermal time-constant of a cable fot the calculation 
-of the short-time rating, but it was found that the 
method was not applicable, since a cable buried ki the 
ground behaves essentially differently; from one m 
In order to meet the case experiments were made with 
cables loaded in accordance with information given by 
electric supply authorities. In general the incre^e of 
current loading for intermittent load conditions is not 
large, varying from 3 per cent to 10 per cent, w^ch 
amount was thought to be insufficient to justify a 
rec<?mmendation for increased rating, for ^tenmttent 

Current-rating of cables for emergency loading (page 
500) —Two of the types of short-time cyclic loading 
refeired to above «rlre also designed to give information 
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oa Vbicli to, base a ratii^ for one or twb hours only, 
for use in emergency. 

Thfese figures ^show considerable increases over the 
maximum continuous permissible currents without 
exceeding the specified maximum temperature, and are 
more nearly indepei^dent of the method of laying. 
On^the sc&e of damage to the dielectric this temperafjire 
might be exceeded on emergency, but the same limit 
is retained to obviate damage due to abnormal expan¬ 
sion, especially differential expansion between conductor 
and lead. 

As an example, a 0-15 sq. in., three-core, lead- 
covered and armoured cable as used for 20 000 volts 
laid direct in the ground, if running continuously at 
half its rated current, will thereafter carry for one 
hour 20 per cent or for two hours 13 per cent over and 
above the maximum continuous rating. In general, 
larger cables will carry a greater, and smaller cables a 
less, int:remqp.t than the above. 

Comparison between the heating of three-core cable 
with three-phase current and direct current (page 546).— 
Experiments were made to determine whether there 
was any appreciable increase of heating of a three-core 
armoured cable when loaded with three-phase alter¬ 
nating current as compared with that observed with 
an equal direct current. Tests were made with a 
0*15 sq. in., three-core cable, lead-covered and wire 
armoured, at frequencies of 25 cycles and 50 cycles 
respectively. No measurable difference between these 
results and fjiose obtained with direct current was 
found, and it seems clear that for a cable of this size 
the skin effect and eddy currents in the sheath do not 
produce any appreciable additional heating effect. 

Wo?k outstanding, — k statement is given of the 
work necessaQ7 to complete the investigation, dealing 
nJbre particularly with cables for pressures above 
11 000 volts. 

List of Symbols. 

The symbols generally adopted throughout the report 
are given below, all dimensions being in centimetres. 
They include all except a few which have been used 
incidentally and of which the meanings are explained 
in the body of the report as ‘they occur, 

a = distance of the axis of the conductor from the 
cable axis in a multi-core cable, 
i = maximum distance between conductor and 
cable axis in three-core cables mth segmental 
conductors. 

cf = minimum distance between conductor and cable 
axis in three-core cables with segmental 
conductors. 

jD = thickness of dielectric between conductors and 
between any conductor and lead sheath of 
three-core cables, centre point not earthed. 

E =s thickness of dielectric between any conductor 
• and lead sheath of three-core cables, centre 
point earthed. .• 

G == thermal * resistance per cm length of cable 
between outer covering*or sheath of^the cable 
and‘ Surface of the ^ound in electrical 
measure.^ 


g = thermal resistivity of the soil surrounding the 
cable expressed in the same units as IC, 

H = heat in watts developed in a cm length of each 
conductor. 

h = emissivity constant, i.e. watts per degrae C for 
• 1 sq. cm. 

I = current in each conductor. 

K «thermal resistivity of dielectric in electrical 
measure, i.e. as a difference in degrees C 
between opposite faces of a cm cube, to cause 
the transference of 1 watt of heat. 

Ki = thermal resistivity (mean) of protective cover¬ 
ings of cable. 

L == depth of cable axis below the surface of the 
ground. 

n = number of separate conductors. 

B = resistance per cm length of each conductor 
at 15*6° C. 

Ri = resistance per cm length of each conductor at 
the temperature of operation, 
r = radius of the conductor of a multicore cable 
ri = radius of the conductor in a single-core cable 
or of the inner conductor in a concentric 
cable. 

r2 = inner radius of the outer conductor of a conceiv 
tric cable. 

rg = outer radius of the outer conductor of a con¬ 
centric cable. 

= inner radius of the lead sheath, 
rg = outer radius of the lead sheath. 

Tq = external radius of the outer covering of 
finished cable. 

S = thermal resistance per cm length of cable 
between conductor and outer covering or 
sheath in electrical measure. 
t or temperature-rise of the conductor in degrees C. 
^2 = temperature-rise of the sheath in degrees C. 

^3 = temperature-rise of the outer conductor of a 
concentric cable in degrees C. 

Tables of Maximum Permissible Currents (Con¬ 
tinuous Loading) for Impregnated Paper-insu¬ 
lated Cables, together with Notes giving the 
Basis and .Method of Calculation. 

The current-loading Tables, 3 to 27 inclusive, refer 
to the following types of cable and methods of 
laying:— 

(i) Armoured cables laid direct in the ground. 

(ii) Armoured and unarmoured cables in air. 

(iii) Unarmoured cables drawn into ducts. 

The arrangement of the current-loading tables corre¬ 
sponds to that adopted in B.S.S. No. 7—1922, and the 
numbers of the Tables in that Specification Jiave been 
added for convenience. Cross-sections of three-core 
cables are shown in Figs. 1 and 2. 

Explanatory* Notes! 

General. —^The fundamental relation connecting the 
•quantities involved in the, calculation of the current 
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that will produce a given temperature-rise in a buried 
cable is as follows:— 

H = tJ{S -h G) . . : . (1) 

H, tlie quantity of heat developed per unit length of 
the condu^or (or conductors), is given by the equation 

H = I^nR(l H- at{j .... (2) 

or It = ^[^(1 ^ ^t)(G + J 

where = current in amperes in each conductor to 
produce a temperature-rise of t degrees C. 

a = temperature’ coefi&cient of the conductor, equals 
0*0040 at 15^ C. 

t = temperature-rise in degrees C. above 15*6° C. 

For other symbols see List of S 3 nnbols (page 521). 
Resista^pe of conductor ,—In the calculation of the 
following current-loading tables for the specified cable 
sizes the values of R have in all cases been derived 
from B.S.S. No. 7—1922, Table 2, Col. 6, by multiplica- 


Fig. 1.—Cross-section of Fig. 2.—Cross-section of 
three-core cable, centre three-core cable, centre 

point not earthed. point earthed. 

tion of the values there given, which are the standard 
resistances in ohms per 1 000 yards at 15* 6° C, by the 
factor 10*94 X 10“ The values so obtained are 
ohms per cm at 15* 6® C. 

The maximum temperature-rise for armoured cables 
laid direct in the ground being taken as 50 degrees C. 
with a ground temperature of 15® C. the tempera¬ 
ture of the conductor is limited to 65® C. as a maxi-' 
mum, and the resistance per cm length under these 
conditions is obtained by multipl 5 dng the standard 
resistance R by 

(1 + 0*0040 X 49*4) ♦ 

The first term of the formula for when i = 50 degrees C. 

is therefore 

1 0*9129 

V[i^(l + 0*0040 X 49*4)] ^ ‘ ' ^ 

For cables in air and drawn into ducts the tempera¬ 
ture-rise allowed is 35 deg. C., with an air temperature* 
of 15® C., the maximum permissible temperature there-, 
fore, being 50® C. • 

Evaluation of G and depth of laying .—The term G, 

* The values for the standard resistance J2 given in B.S.S. No. 7— 
1922, an* at 15*6® C. A temperature-rise of 60 degrees C. abovc^ 
16* C. therefore corresponds to 49 *4 degrees C. above 16* 6* C. 


on the Kennelly assumption, defined by the following 
equation:— 

. 

!«• 

The depth L was taken as 18 in. or 45*7 cm for 
cables for pressures from 660 Cip to and .including 
2 260 volts, and as 3 ft. or 91 * 4 cm for cables for pressures 
above 2 200 up to and including 11 000 volts. 

The tables have been prepared for four values of 
thermal resistivity of the soil, viz. 340, 180, 120 and 90. 
It was found, however, that the best correspondence 
between theoretical calculations and experimental results 
was obtained if g were taken as having only two-thirds 
of the value obtained by direct experimental determina¬ 
tion. The four values of the thermal resistance (?, 
corresponding to the four values of the resistivity g men¬ 
tioned above, are then given by the formulas in Table 1. 

Table 1. 


Thermal Resistance [G) of the Soil per cm Length of 
Cable, between the Outer Covering of the Cable and 
the Surface of the Ground. 


Limits of Working 
Pressure of Cable 

Thermal Resistance of Soil 

From 660 up to'] 
and including 
2 200 volts 1 

Above 2 200 up1 
to and includ- j 
ingll 000volts J 

1 

I! 

1 

g = 180 

91*4 

36*1 loge — 

182*8 
36-Hog,-— 

n 

l^-llog,?^ 

r rg 

182-8 

19-1 log. 

From 660 up to^ 
and including 
2 200 volts J 

Above 2 200 upl 
to and includ¬ 
ing 11 000 volts J 

[ 

[ 

g = 120 

1 *^, 

90 

91*4 

12*7 log,-— 

^6 

182*8 
12-7 log,—— 

91*4 

fl-65 log,^^- 

^ 182-8 
9*55 log, —— 
re 


As an example of the effect of depth of laying on 
the current rating, the two values of G for thermal 
resistivity 120 may be considered. Assuming as 
2 cm for the lower pressure cables, i.e. for 

1ft. 6in., (?=48*5; 

for the higher-pressure cables, i.e. for 

3ft. pin., <?= 57*3. 

Thus, if the depth be doubled the term G is increased 
by about 18 per cent. 

To obtain an indication of the effect of depth on 
the current-carrying capacity it may be assumed that 
8 will be a quantity of approximately the same order 
as G. The current will then be inversely proportional 
to the square root of the sum of these'' two quantities, 
whence it follows thfat the effect in this .particular 
instance of doubling the depth at which the cable i$ 
laid will be to diffunish the current-carrying capacity 
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by Jome 4 or 5 per cent This is, of C(Jurse, on the 
assumption that the moisture content throughout the soil 
is th^ same and that the soil is thermally homogeneous. 

Dimensions of conductors ,—^The overall diameters of 
the conductors fo» the sizes of cable dealt with in the 
current-loading tables ^axe given in Table 2. 

Iji the •case of stranded conductors, the ove^;^.!! 
diameter of the conductor was derived from B.S.S. 
No. 7—1922, Table 2, Col. 3, and was taken as being 
equal to •the sum of the diameters of the maximum 
number of component wires lying on any diameter of 
the strand. 

Thermal resistance of cable. —The thermal resistance 
S may be conveniently regarded in the case of an I 


(6) Concentric cables: 

•^x=^[jlog,(^2)+log,g)] . . (7) 

The value of is obtained from Table 2 vdiich gives 
the diameter of the completed strand— 

.( 8 ) 

where 2) is the thickness of dielectric as specified in 
B.S.S. No. 7—1922. 

To obtain the thickness U of the outer conductor 
is added to 


Table 2. 


Sizes of Conductors dealt with in the Current-loading Tables, 


Sectional Area of Conductor 

Number and Diameter (in.) of 
. Wires comprising Conductor 

Maximum Number of 
Component Wires on a 
Diameter 

Overall Diameter of Complete Strand 

Nominal sq. in. 

Calculated sq. in. 

in. 

cm 

0-007 

0-007005 

7/-036 

3 

0-108 

0-274 

0*01 

0-01046 

7 /-044 

3 

0-132 

0-335 

0-0146 

0*01462 

7/-052 

3 

0-166 

0-396 

0-0225 

0-02214 

7/-064 

3 

0-192 

0-487 

0-03 

0-02840 

19/-044 

5 

0-220 

0-658 

004 

• 

.0-03960 

19/-052 

5 

0-260 

0-660 

0-06 

0-05999 

19/-064 

5 

0-320 

0*812 

0-075 

0-07692 

19/-072 

5 

0-360 

«-914 

«-l 

0-1009 

19/-083 

5 

0-415 

1-05 

0-12 

0-1168 

37/-064 

7 

0-448 

1-14 

0-15' 

0-1478 

37/-072 

7 

0*604 

1-28 

0-2 

0-1964 

37/ 083 

7 

0-681 

1*47 

0-25 

0-2465 

37/-093 

7 

0*661 

1-65 

0-3 

0-3024 

37/-103 

7 

0-721 

1-83 

0-4 

0*4064 

61/-093 

9 

0-837 

2-12 

0-5 

0-4985 

61/-103 

9 

0-927 

2-35 

0-6 

0-6062 

91/-093 

11 

1-028 

2-60 

0-76 

0-7435 

91/-103 

11 

1-133 

2-87 

1-0 

1-0376 

127/-103 

13 

1-339 

_i 

3-38 


armoured cable as made up of two portions Si and S 2 
such that -f ^2 == 2 uid where :— 

51 =* thermal resistance between the conductor (or 

conductors) and the sheath; 

5 2 = thermal resistance between the sheath and the 

outer Surface of the cable (protective covering). 

The derivation of Si from the thermal constants 
assumed and the dimensions given in Table 2 above 
ted in B.S.S, No, 7~1922, is as follows:— 

Si *= resistance between conductor(s) and sheatif 

{a) Single-core cables: 



In order to obtain a simple expression for i7 it was 
taken that, to a first approximation— 

XJ = sl27r{ri + X)) .... (9) 


where s is the nominal area of conductor cross-section. 


Therefore -f I> + s/[27r(ri + X>)] • (10) 

and 7.4 = + 2D -{- s/[27r(rx + D)} . . (11) 

^o that 




ri^2D-j-$l2{ri+D) '^'\ * 

ri+li+aJ2(rl+D) Jj * ^ 


(c) Three-core cables (circular conductors; centre 
point not earthed) : 
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In order to derive the dimensions needed for the 
calculation of the thermal resistance of a three-core 
cable from the thickness of the dielectric. and the 
diameter‘of the conductor the following geometrical 
relatioifs are required (see Fig. 1). 

a=M54(r + |D) .... (13) 

a-h r-h D=*1-58D 4* 2*15r . (14) 


and for the pfirpbse of the calculations it was convenient 
and sufficiently accurate to regard it as being thermally 
homogeneous, with a mean value of tl^rmal resistivity, 
Ki = 300. 

For S 2 > the thermal resistance of the covering, we 



By Equation (33) (Russell’s formula for three-core 
cables) 

or substituting for a and nj, and neglecting in com¬ 
parison with rl 

, r3-93(D-f l*37r)n 

0-053loge [ + J 

[d) Three-core cables (circular conductors; centre 
^oint earthed) : 

Here the thickness of the belt insulation E is reduced 
(see Fig. 2) and the formulae are modified as follows :— 

+ r + E==: Q-5SD + 2-l5r + E . (17) 

and from Russell’s formula. Equation (33) neglecting 
a® in comparison with 


rO-58D + 2-15r-f^n 
^ Ott L J 


(18) 


Three-core cables with segmental conductors.-r—The in¬ 
creased current-ratings for three-core cables with 
segmental conductors are suggested tentatively, as they 
are based almost entirely on theoretical considerations 
with the adoption of certain assumptions for dimensions 
and shapes. Standard dimensions are required before 
more definite values can be given for this type of cable. 

Skin effect'* in large cables .—^The current-loading 
tables make no allowance for the additional heating 
due to “ skin effect *’ when cables havin^g conductors 
larger than 0*25 sq. in. are carrying alternating current 
at a frequency of 50 cycles per second or higher. Such 
cables are usually constructed with an inner hemp 
core, and are designed so as to minimize skin effect.*’ 
Earthed system .—In accordance with Clause 35 of 
B.S.S. No. 7—1922 an earthed systern is one which is 
permanently connected to earth in such a manner that 
the total earth resistance does not exceed 2 ohms, or 
one in which a device is installed thai*^ automatically 
and instantly cuts out any part of the system that 
becomes accidentally earthed. 


In calculating By, the thermal resistivity of the dielec¬ 
tric was taken in general as 750 for cables for pressures 
up to 2 2&0 •Volts, and as 550 for cables for pressures 
above 2 200 volts up to and including 11 000 volts. 

Higher values were taken for cables with conductors 
having sectional areas less than 0*06 sq. in., to allow 
for the difficulty in manufacturing small cables. 

The value of the thermal resistance of the pro¬ 
tective coverings was determined as foEows:— 

The outer radius of the lead sheath was found by 
adding the thickness of the lead as specified in Tables 5 
to 10 of B.S.S. No. 7—1922, to the internal diameter 
of the lead sheath. 

For single-core cables 

I DTi . . . • (19) 

For concentric cables 

{Tg = Z -j- Z -(- 4" 2 jD “f“ 5‘/2^(f’j^ 4" •^) • (20) 

For tKree-core cables 

^•5=Z4-y4 = ^^4-l*58i)4-2*15r . . (21) 

The thickness'of the armouring and protective coverings 
and tlie radius of the completed cable have been derived 
from the dimensions specified in Tables 18 and 21 of 
B.S.S. No 7—1922, for various sizes of cable. In order 
to obtain a mean value of cable covering, it has been 
assumed that the armouring consists of a single layer 
of galvanized wire. The value of the thermal resis* 
tivity determined for the*protective covering, taken as 
a whole, i.e. wire amfouring, bedding, braiding and 
serving, wasJK’i = 300. This value refers to new cables 
only. The effect of the protective covering is smallj 


TA:Eft.E 3. 


660-«/oZZ, Armoured, Single-core Cable, laid Direct in 
the Ground (Table 5, B.S.S. No. 7—192^j. 


Area of Conductor 

Maximum Permissible Current (Continuous 
Loading) 

Thermal Resistivity of Soil {g) 

f* 

Nominal 

Calculated 

flr=:340 

g « 180 

flr = 120 

f^=*90 

sq. in. 

sq. in. 

amps. 

amps. 

o 

amps. 

amps. 

0-007 

0*007005 

. 54 

60 

63 

65 

0-01 

0*01046 

70 

79 

83 

86 

0*0145 

0*01462 

86 

100 

106 

110 

0*0225 

0-02214 

112 

131 

141 

147 

0*03 

0-02840 

131 

155 

167 

175 

0*04 

0*03960 

160 

190 

207 

"218 

0-06 

0-05999 

205 

248 

273 

287 

0*075 

0-07592 

234 

285 

314 

332 

0*1 

0-1009 

275 

337 

373 

395 

0*12 

0-1168 

299 

367 

407 

435 

0-15 

0-1478 

341 

415 

459 

486 

0*2 

0-1964 

401 

492 

647 

580 

0*25 

0*2465 

455 

558 

621 

661 

0*3 

0*3024 

510 

627 

699 

743 

0*4 

0*4064 

602 

745 

831 

886 

(L-5 

0^985 

677 

835* 

935 

*998 

0*6 

0*6062 

757 

942 < 

1 066 

1 131 

0-75 

0-7435 

848 

1 065 

1 186 

1269 

1*0 

1:0376 

1027 

1282 

1448 

1 556 
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Ta^le 4. 

660-z;^/^, Armounedf Concentric Cable^ laid Direct in 
the Ground; Earthed or Not Earthed (Table 5, 
B.S.S. No. 7-*-1922). 


————— - , 

Area of Conductor 

Maximum Permissible Current (Continuous 
Loading) 

Thermal Resistivity of Soil {g) 

Nominal 

Calculated 

^ = 340 

g^ 180 

g=r 120 

90 

sq. in. 

sq. in. 

amps. 

amps. 

amps. 

amps. 

0-007 

0-007005 

39 

44 

46 

47 

0-01 

0-01046 

50 

57 

60 

62 

0-0145 

0-01462 

62 

72 

76 

79 

0-0225 

0-02214 

81 

94 

101 

106 

0-03* 

0-02840 

95 

111 

120 

126 

0-04 

0-03960 

115 

136 

148 

155 

0-06 

0-05999 

147 

176 

191 

201 

0-075 

0-07592 

168 

202 

221 

233 

0-1 

0-1009 

198 

239 

262 

277 

0-12 

0-1168 

215 

260 

286 

302 

0-15 

0-1478 

246 

299 

329 

346 

0-2 

0-1964 

289 

353 

391 

413 

0-25 

0-2465 

329 

400 

443 

470 

0-3 

0-?5024 

369 

453 

503 

535 

0-4 

0-4064 

435 

534 

592 

630 

0-5 

0ti4985 

486 

605 

675 

718 

0-6 

0-6062 

554 

687 

762 

8l3 

0-75 

0-7435 

616 

765 

855 

910 

1-0 

1-0376 

747 

936 

1 050 

1 126 


Table 5. 

t^O-volt, Armoured, Three-core* Cable, laid Direct in 
the Ground; Centre Point Earthed or Not Earthed 
(Table 5, B.S.S. No. 7—1922). 


Area of Conductor 


Maximum Permissible Current (Continuous 
Loading) 


Thermal teistivity of Soil {g) 


Nominal 

Calculated 

il 

CO 

s 

180 

flr=120 

90 

sq. in. 

sq. in. 

amps. 

amps. 

amps. 

amps. 

0-007 

0-007005 

36 , 

40 

43 

44 

0-01 

0-01046 

45 

52 

56 

58 

0-0145 

0*01462 

55 

66 

70 

73 

0-0225 

0-02214 

71 

84 

91 

95 

0-03 

0-02840 

82 

98 

106 

111 

0-04 

0-03960 

100 

120 

131 

138 

0-06 

0-05999 

127 

154 

169 

179 

0-075 

0-.07592 

145 

176 

194 

, 205 

0-1 

0-1009 

170 

208 

229 

244 

0-12 

0-1168 

185 

226 

251 

267 

0-15 

0*1478 

211 

260 

288 

306 

0-2 

0-1964 

248 

305 

339 

361 

0-25 

0*2465 

283 

349 

389 

413 

0-3 

0-3024 

318 

391 

436 

465 

0-4 

0-4064 

373 

460 

512 

547 

0-5 

0-4985 

420 

520 

582 

621 


* The current values given in this table refer to cables with 
circular conductors ; the rating may be increased by 4 per cent for 
cables with segmental conductors. When two conductors only 
are carrying current (three-wire system, balanced load), the current 
values given in this table may be increased by 15 per cent. 


Table 6. 

2 200-volt, Armoured, Concentric Cable, laid Direct in the Ground (Table 6, B.S.S. No. 7—1922). 


Maximum Permissible Current (Continuous Loading) 


Area of Conductor 


Thermal Resistivity of Soil (g) 



g^ 

340 


180 


120 




Outer Conductor 

Outer Conductor 

Outer Conductor 

Outer Conductor 

•Nominal 

Calculated 











Not Earthed 

Earthed 

Not Earthed 

Earthed 

Not Earthed 

Earthed 

Not Earthed 

* Earthed 

fq. in. 
0-0226. 

sq. in. 

0-02214 

amps. 

79 

amps. 

81 

amps. 

90 

amps. 

93 

amps. 

95 

amps. 

99 

amps. 

98 

amps. 

102 

0-03 

0-02840 

92 

94 

106 

109 

113 

117 

117 

121 

0-04 

0-03960 

112 

114 

130 

134 

139 

145 

* 146 

150 

0*06 

0-05999 . 

144 

146 

169 . 

174 

182 

190 

190 

198 

0*075 

0-07592 

165 

167 

194 

200 

210 

218 

219 

229 

0*1 

. 0-1009 

194 

196 

230^ 

236 

249 

258 

260 

,272 

0*15 

0-1478 

242 

245 

287 

294 

313 

324 

328 

342 

0-2 

0-1964 

284 

288 

340 

349 

373- 

3§5 

391 • 

406 

0-25 

0-2465 

324 

328 

391 

399" 

430 

442^ 

454 

468 
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Table 7. 

,2 200-wo«, Armoured, Three-core * Cable, laid Direct in the Ground (Table 6 , B.S.S. No. ? —1922). 


Maidmum Permissible Cmteiit (Continuoiis Loadings) 


Area of Conductor 


Nominal 


sq. m. 

0-0225* 

003 

0*04 

O-CLO 

0-076 

0-1 

0-15 

0-2 

0-26 


Calculated 


sq. ID. 

0-02214 

0-02840 

0-03960 

0-06999 

0-07692 

0-1009 

0-1478 

0-1964 

0-2466 


Thermal Resistivity of Soil {g) 


g » 

340 

g^lSO 

flr== 

120 

Centre Point 

Centre Point 

Centre Point 

Not Earthed 

Earthed 

Not Earthed 

Earthed 

Not Earthed 

Earthed 

amps. 

amps. 

amps. 

amps. 

amps. 

amps. 

70 

71 

81 

83 

88 

90 

81 

82 

95 

97 

103 

105 

98 

99 

116 

118 

127 

129 

126 

126 

150 

162 

163 

166 

143 

144 

172 

174 

188 

191 

168 

169 

203 

205 

222 

226 

209 

210 

261 

264 

279 

283 

245 

247 

297 

301 

329 

336 

279 

281 

340 

346 

376 

384 


*90 


Centre Point 


Not Earthed Earthed 


amps. 

91 

107 

132 

170 

198 

236 

293 

348 

399 


amps. 

93 

no 

136 

174 

202 

239 

299 

366 

408 


^ ine Current vaiuc& givci* au. 

for cables with segmental conductors. 


Table 8. 

B 300-volt, Armoured, Concentric Cable, laid Direct in the Ground (Table 7, B.S.S. No. 7—1922) 



1 



Maximum Permissible Current (Continuous Loading) 



Area of Conductor 



Thermal Resistivity of Soil (g) 






gmm 

340 

g^ 

180 

a-120 

flr- 

dO 



Outer Conductor 

Outer Conductor 

Outer Conductor 

Outer Conductor 

Nominal 

Calculated 

Not Earthed 

Earthed 

Not Earthed 

Earthed 


BBI 


Earthed 

_3- 

• 

sq. in. 
0-0226 
0-03 

0-04 

0-06 

0*076 

0-1 

0-15 

0-2 

0-25 

sq. in. 

0-02214 

0-02840 

0-03960 

0-06999 

D-07592 

0*1009 

0-1478 

0-1964 
0-2466 

amps. 

79 

92 

111 

141 

161 

189 

233 

273 

312 

amps. 

80 

93 

113 

143 

163 

191 

236 

276 

314 

amps. 

92 

108 

132 

170 

194 

229 

285 

^6 

385 

amps. 

95 

111 

136 

174 

199 

234 

291 

342 

391 

amps. 

100 

117 

143 

187 

214 

263 

316 

374 

430 

amps. 

103 

121 

148 

192 

220 

260 

326 

383 

437 

amps. 

104 

123 

150 

196 

226 

268 

336 

398 

468 

amps. 

1 Q8 

127 

166 

204 

234 

276 

345 

4b9 

469 
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Table 9. 


3 300-2/0/^, Armoured, Three-core^ Cable, laid Direct in the Ground (Table 7, B.S.S. No. 7_1922). 


Area of Conductor 


Maximum Permissible Currents (Continuous Loading) 


Thermal Resistivity of Soil (gr) 




340 


180 


120 

90 



Centre Point 

Centre Point 

Centre Point 

Centre Point 

Nominal 

Calculated 











Not Earthed 

Earthed 

Not Earthed 

Earthed 

Not Earthed | 

Earthe(^ 

Not Earthed 

Earthed 

sq. in. 

0-0225 

sq. in. 

0-02214 

amps. 

69 

amps. 

70 

amps. 

82 

amps. 

83 

amps. 

90 

amps. 

92 

amps. 

95 

amps. 

97 

0-03. 

0-02840 

80 

81 

96 

97 

106 

108 

111 

113 

0-04 

0-03960 

96 

97 

117 

118 

129 

131 

137 

139 

0-06 

0-05999 

121 

122 

149 

150 

165 

167 

176 

178 

0-076 

0-07592 

138 

139 

170 

171 

189 

.191 

210 

204 

0-1 

0-1009 

162 

163 

200 

201 

223 

225 

238 

241 

0-16 

0-1478 

200 

201 

249 

250 

277 

279 

297 

300 

0-2 

0-1964 

235 

236 

293 

294 

329 

331 

352 

355 

0-26 

*0-2465 

266 

267 

333 

334 

374 

376 

402 

405 


for ^ “““ conductors: the rating may be increased by 2 per cent 


Table 10. 

6 600-w«, Armoured, Concentric Cable, laid Direct in the Ground (Table 8, B.S.S. No. 7—1922). 


Maximum Pennissible Current (Continuous Loading) 


Area of Conductor 


Thermal Resistivity of Soil {g) 



g=^ 

340 


180 


120 

(7«90 



Outer Conductor 

Oi-ter Conductor 

Outer Conductor 

Outer Conductor 

Nominal 

Calculated 











Not Earthed 

Earthed 

Not Earthed 

Earthed 

Not Earthed 

Earthed 

Not Earthed 

Earthed 

sq. in. 

0-8225 

* JLm, 

sq. in. 

0-02214 

amps. 

78 

amps. 

80 

amps. 

90 

amps. 

95 

amps. 

97 

amps. 

102 

•amps. 

101 

amps. 

107 

0-03 

0-02840 

91 

93 

106 

110 

114 

120 

119 

126 

0-04 

0-03960 

110 

112 

130 

1 135 

140 

147 

147 

155 

0-06 

0-06999 

140 

143 

167 

173 

182 

190 

191 

201 

0-076 

0-07692 

159 

162 

191 

198 

208 

218 

219 

231 

0-1 

0-1009 

186 

190 

225 

233 

247 

258 


274 

0-16 

0-1478 

231 

235 

280 

289 

309 

321 


342 

0-2 

0-1964 , 

271 

276 

330 

341 

364 

380 


402 

0-26 

0-2465 

308 

313 

376 

388 

415 

430. 

441 

460 . 
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Table 11. 

5 500-t;o/^, Armoured, Three-core* Cable, laid Direct in the Ground (Table 8, B.S.S. No. 7—1922). 


Maximum^Permissible Current (Continuous Loading) 


Area of Conductor 


Thermal Resistivity of Soil {g) 



flr=- 

340 


180 

g=^ 

120 

g = 

90 



Centre Point 

Centre Point 

Centre Point 

Centre Point 

Nominal 

Calculated 

• 









Not Earthed 

Earthed 

Not Earthed 

Earthed 

Not Earthed 

Earthed 

Not Earthed 

Earthed 

sq. in. 

0-0225 

sq. in. 

0-02214 

amps. 

68 

amps. 

69 

amps. 

81 

amps. 

83 

amps. 

89 

amps. 

90 

amps. 

93 

amps. 

95 

0 -0^ 

0-02840 

79 

80 

95 

97 

103 

105 

109^ 

111 

0-04 

0-03960 

96 

97 

115 

117 

126 

128 

133 

135 

0-06 

0-05999 

121 

122 

147 

149 

163 

165 

173 

175 

0-075 

1 0-07592 

138 

139 

168 

170 

187 

189 

198 

201 

0-1 

0-1009 

161 

162 

198 

200 

220 

223 

234 

237 

0-15 

0-1478 

199 

201 

246 

248 

274 

277 

292 

295 

0-2 

0-1964 

233 

235 

289 

292 

323 

326 

-344 

348 

0-25 

0-2465 

264 

266 

328 

331 

369 

372 

393 

399 


* The current values given in this table refer to cables with either circular or segmental conductors. 


Table 12. 

6 600-t;o/^, Armoured, Concentric Cable, laid Direct in the Ground (Table 9, B.S.S; No.- 7—1922). 


Maximum Permissible Current (Continuous Loading) 


Area of Conductor 


Thermal Resistivity of Soil {g) 



(7 = 

840 

9^ 

180 


120 


90 



Outer Conductor 

Outer Conductor 

Outer Conductor 

Outer Conductor 

Nominal 

Calculated 









Not Earthed 

Earthed 

Not Earthed 

Earthed 

Not Earthed 

Earthed 

Not Earthed 

Ea^hed 

sq. in. ' 

0-0225 

so. in. 

0-02214 

amps. 

78 

amps. 

80 

amps. 

90 

amps. 

94 

amps. 

96 

amps. 

101 

amps. 

100 

amps. 

106 

0-03 

0-02840 

91 

93 

105 

110 

114 

119 

118 

125 

0-04 

0-03960 

109 

112 

129 

134 

139 

145 

145 

153 

0-06 

• 0-05999 

139 

142 

166 

172 

180 

188 

188 

199 

0-075 

0-07592 

158 

162 

190 

197 

207 

217 

218 

229 

0-1 • 

0-1009 

186 

190 

223 

231 

244 

255 

257 

272 

0-15 

0-1478 

230 

235 

•276 

286 

304 

318 

321 

338 

0-2 

0-1964 

270 

275 

,327 

339 

360 

375 

382 

400 

. 0-25 

0-2465^ 

307 

312 

374 ' 

387 

413 

428 

\.438- 

458 
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Table 13. 

& WO-voU, ^rmoured, Three-core Cable* laid Direct in the Ground (Table 9, B.S.S. No. 7—1922), 


ATaximum Permissible Current (Continuous goading) 


Area of Conductor 


Nominal 

Calculated 

sq. in. 

sq. in. 

0 0226 

0*02214 

0-03 

0-02840 

0-04 

0*03960 

0-06 

0*05999 

0*075 

0*07592 

0*1 

0*1009 

0*15 

0*1478 

0*2 

• 0*1964 

0*25 

0*2465 


Thermal Resistivity of Soil {g) 


9 = 

340 

9 = 

180 

9=^ 

120 

9=^90 

Centre Point 

Centre Point 

Centre Point 

Centre Point 

Not Earthed 

Earthed 

Not Earthed 

Earthed 

Not Earthed 

Earthed 

Not Earthed 

Earth.e<a 

amps. 

amps. 

amps. 

amps. 

amps. 

amps. 

amps. 

amps. 

68 

68 

81 

82 

88 

89 

92 

94: 

79 

80 

94 

96 



108 

111 

95 

96 

114 

116 

125 

128 

133 

13S 

121 

121 

147 

149 


165 

172 

JL7S, 

137 

138 

168 

169 

185 

188 

196 

200 

161 

162 

197 

199 

219 

221 

232 

235 

199 

200 

245 

247 



290 

295 

233 

234 

287 

290 


325 

341 

346 

265 

265 

328 

330 

366 

371 

391 

397 


The current values given in this table refer to cables with either circular or segmental conductors. 


Table 14, 

11 (^00-voU, Armoured, Concentric Cable, laid Direct in the Ground (Table 10, B,S,S. No, 7—1922). 


Maximum Permissible Current (Continuous Loading) 


Area of^onductor 


Thermal Resistivity of Soil (fir) 




9^ 

340 

7 = 

ISO 

flr=il20 •- 

fir =90 

Nominal 

Calculated 

Outer Conductor 

Outer Conductor 

Outer Conductor 

1 Outer Conductor 

• 

Not Earthed 



Earthed 

Not Earthed 

Earthed 

• 

Not Earthed 

EarthedL 

8 c[' hi. ; 

sq. in. 

amps. 

amps. 

amps. 

amps. 

amps. 

amps. 

amps. 

amps- 

0*1)225 

0-02214 

76 

79 

87 

92 

93 

100 

96 

103 


0*02840 

88 

92 

102 

108 

108 

117 

112 

122 


0*03960 

106 

111 

123 

132 

131 

143 

,136 

149 

0*06 

0*05999 

138 

141 

161 

169 

174 

185 

181 

194: 

0*075 

0*07592 

156 

160 

183 

192 

198 

211 

i 206 

^ 221 

0*1 

.0*1009 

183 

188 

217 

228 

235 

250 

, 245 

265 

0*15 

0*1478 

227 

233 

269^ 

283 . 

293 

312 

307 

339 

0*2 

1 0*1964 

266 

273 , 

317* 

333 

346 

369 

363 

391 

0*25 

0*2465 

302 

f 

310 

362 

380 

395 

422. • 

416 

447 
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Table 15. 


11 000-»o«. Armoured Cobh, Three-core* laid Direct in the Ground (Table 10, B.S.S. No. 7 1922) 






Maximum Permissible Current (Continuous Loading^ 



Area of Conductor 



Thermal Resistivity of Soil {g) 





a- 

840 


180 

flr« 

120 

0^ 

90 



Centre Point 

Centre Point 

Centre Point 

Centre Point 

Nominal 

Calculated 

Not Earthed 

Earthed 

Not Earthed 

Earthed 

Not Earthed 

Earthed 

Not Earthed 

Earthed 

sq. in. 
0-0226 
0-03. 
O-Oi 

0-06 

0-,076 

0-1 

0-15 

0-2 

0*25 

sq. in. 

0-02214 

0-02840 

0-03960 

0-05999 

0-07592 

0*1009 

0-1478 

0-1964 

0-2466 

amps. 

67 

78 

95 

120 

137 

160 

197 

232 

263 

amps. 

70 

80 

96 

121 

138 

162 

199 

234 

266 

amps. 

79 

92 

112 

144 

165 

193 

240 

283 

321 

amps. 

81 

96 

116 

147 

168 

198 

246 

287 

326 

amps. 

85 

100 

122 

168 

181 

213 

265 

313 

357 

amps. 

89 

103 

127 

162 

186 

219 

271 

319 

363 

amps. 

89 

104 

128^ 

166 

191 

226 

279 

331 

379 

amps. 

93 

109 

134 

171 

196 

232 

287 

339 

388 


* The curreat values given in this table refer to cables with either circular or segmental conducts. 


Table 16. 

660-t;o/^ Cables in Air (Table 6, B.S.S. No. 7 1922). 


Aiea of Conductor, 


Nominal. 


sq. in. 

0-007 
0-01 
0-0146 
0*0225 
0-03 
0*04 
0*06 
0-075 
0-1 
0-12 
.^5 
•2 
•25 
•3 


0- 

0 - 

0- 

0- 


0-4 

0-6 

0-g 

0-76 

1-0 


Calculated. 


sq. in. 

0-007006 
0-01046 
0-01462 
0-02214 
0-02840 
0-03960 
•05999 
•07692 
0-1009 
0-1168 
•1478 
•1964 
•2465 
-3024 
•4064 
•4985 
•6062 
0-7435 
1-0376 


0- 

0- 


0 - 

0 - 

0- 

0- 

0- 

0 - 

0- 


Armoured 


Single 


amps. 

46 
60 
76 
98 
116 
141 
185 
214 
255 
280 
332 
397 
457 
622 
628 
717 
817 
933 
1168 


Concentric 


amps. 

36 

45 

56 

74 

87 

109 

144 

166 

197 

216 

261 

301 

348 

397 

478 

648 

614 

712 

888 


S-Core ■* 


amps. 

31 

41 

61 

68 

80 

99 

129 

149 

180 

197 

228 

274 

317 

361 

435 

498 


Single 


amps. 

39 
60 
63 
82 
97 
120 
161 
189 
224 
249 
290 
361 
413 
476 
583 
670 
772 
886 
1 120 


Unannonr^d 


Concentric 


amp^ 

31 

40 

60 

66 

78 

98 

129 

160 

180 

198 

231 

281 

328 

377 

461 

633 

612 

702 

888 


S-Core* 


amps. 

28 

37 

46 

61 

72 

90 

119 

139 

169 

186 

218 

206 

309 

366 

433 

498 


♦ The current values ivvea in this column refer to cables with cucular Tth^^wire^ systSi ^balanced load), the 

for cables with segment^ conductors. When two conductors only are c^ymg current (three-wire system, oaiancea loaa;, tuc 

current values given in this column may be increased by 16 per cent. 
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Table 17. 

2 200-z;d// , Cables in •Air ; Earthed or not Earthed 
(Table 6, B.S.S. No. 7—1922). 


Area o^ Conductor 

Armoured 

Unarmoured 

Nominal 

Calculated 

Concentric 

8-Core* 

Concentric 

$-Core* 

sq. in, 
0-0226 

sq. in. 

0-02214 

amps. 

74 

amps. 

68 

amps. 

69 

amps. 

63 

0-03 

0-02840 

88 

80 

81 

74 

0-04 

0-03960 

107 

98 

100 

91 

0-06 

0-06999 

142 

128 

132 

121 

0-076* 

4-07692 

164 

149 

162 

141 

0-1 

0-1009 

196 

177 

183 

169 

0-16 

0-1478 

247 

225 

233 

217 

0-2 

0-1964 

294 

270 

281 

264 

0-26 

0-2466 

342 

312 

327 

i 

305 


values given in these columns refer to cables with 
’ the rating may be increased by 3 per cent 
for cables with segmental conductors. 


Table 18. 

3 300-t;o/^ Cables in Air; Earthed or not Earthed 
(Table 7, B.S.S. No. 7—1922), 


Area of Conductor 


Nominal 


sq. in. 

0225 

03 

04 

06 

076 

1 

IK 

2 

25 


Calculated 


Concentric 


sq. in. 

0-02214 

0-02840 

0-03960 

0-06999 

0-07692 

0-1009 

0-1478 

0-1964 

0-2465 


Annouied 


amps. 

80 

94 

116 

160 

173 

206 

269 

309 

369 


S-Core* 


Concentric 


amps. 

72 

84 

104 

136 

166 

186 

236 

283 

326 


Unarmoured 


amps. 

74 

87 

107 

140 

161 

193 

246 

296 

344 


S-Core* 


amps. 

66 

78 

97 

127 

147 

177 

228 

276. 

321 


♦ The cuCTent values g^ven in these columns refer to cables with 
curcul^ conductors; the rating may be increased by 2 per cent 
Jor cables with segmental conductors. ^ ^ 


Table 19. 

Earthed 


6 500-z;oZ^ Cables in Air; 

(Table 8, B.s!s. No. 7—1922). 


or not Earthed 


Area of Conductor 

Armoured 

Unaimoured 

Nominal 

Calculated 

Concentric 

3-Core* 

Concentric 

3-Core* 

sq. in. 

sq. in. 

amps. 

amps. 

amps. 

amns. 

0-0225 

0-02214 

79 

72 

76 

68 

0-03 

0-02840 

93 

84 

88 

79 

0-04 

0-03960 

115 

104 

109 

98 

0-06 

0-05999 

149 

136 

141. 

129 

0-075 

0-07692 

172 

166 

164 

149 

0-1 

0-1009 

204 

185 

195 

180 

0-16 

0-1478 

257 

236 

248 

23^ 

0-2 

0-1964 

307 

280 

297 

276 

0-26 

0-2465 

353 

323 

343 

320 


* The current values given in these columns refer to cables with 
either circular or segmental conductors. 


Table 20. * 

6 600-vo/Z Cables in Air; Earthed or not 
(Table 9, B.S.S. No. 7—1922). 


Earthed 


Area of Conductor 


Nominal 


sq. in. 
0-0226 
0-03 
0-04 
06 
076 
1 

16 
2 

26 


Calculated 


sq. in. 

02214 

>02840 

03960 

06999 

07692 

1009 

1478 

1964 

2466 


Armoured 


Concentric S-Core"* 


amps. 

79 

93 

116 

149 

172 

203 

267 

306 

363 


amps. 

72 

84 

104 

136 

166 

186 

236 

279 

322 


Unarmoured 


Concentric S-Core* 


amps. 

76 

89 

109 

142 

164 

196 

249 

297 

344 


amps. 

68 

80 

98 

129 

160 

178 

229 

276 

320 


♦ The current values given in these columns refer to*cables with 
either circular or segmental conductors. 
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Table 21. 


11 000-z/o/^ Cables in A ir; Earthed cr net Earthed 
(Table 10, B.S.S. No. 7—1922). 


Table 23. 


Area of Conductor 

Aiyioured 

Unarmoured 

Nominal 

Calculated 

Concentric 

S'Core* 

Concentric 

3-Core ♦ 

sq. in. 

sq. in. 

amps. 

amps. 

amps. 

amps. 

0 0225 

0-02214 

78 

72 

77 

70 

003 

0-02840 

92 

84 

90 

82 

0-04 

0-03960 

112 

104 

109 

101 

0-06 

0-05999 

il48 

135 

146 

132 

0 075 

0*07592 

169 

155 

166 

153 

0-1 

0*1009 

201 

184 

198 

182 

0*15 

0*1478 

254 

232 

250 

231 

0-2 

• 0*1964 

301 

275 

298 

277 

0-25 " 

0*2465 

346 

319 

344 

320 


- The current values given in these columns refer to cables with 
either circular or segmental conductors. 


Table 22. 


2 ^0-volt Unarmoured Cable in Duct ; Earlhed or-not 
Earthed (Table 6, B.S.S. No. 7—1922). 


Area of Conductor 

Concentric 

3-Core* 

Nominal 

Calculated 

sq. in. 

sq. in. 

amps. 

amps. 

0*0225 

0-02214 

66 

60 

0-03 

0-02840 

77 

70 

0-04 

0*03960 

95 

86 

0*06 

0-06999 

125 

116 

0*075 

0*07592 

144 ' 

134 

0*1 

0*1009 

174 

160 

0*16 

0*1478 

221 

206 

0*2 

0*1964 

267 

251 

0*25 

0*2465 

311 

290 


* The current values given in this column refer to cables with 
circular conductors; the rating may be increased by 3 per cent 
cAormPTifnl conductors. 


660-fo/^ Unarmoured Cable in Duct; Earthed or not 
Earthed (Table 5, B.S.S. No. 7—1922). 


Area of Conductor 

♦ • 

Single 

Concentric 

3-Core* 

Nominal 

Calculated 

sq. in. ^ 

sq. in. 

amps. 

amps. 

amps. 

0*007' 

0*007006 

37 

30 

27 

0-010 

0-01046 

48 

39 

35 

0*0146 

0-01462 

60 

48 

44 

0*0225 

0*02214 

78 

63 

58 

0*03 

0*02840 

92 

74 

68 

0-04 

0*03960 

114 

93 

86 

0*06 

0*05999 

153 

122 

113 

0-076 

0*07592 

180 

142 

132 

0-1 

0*1009 

213 

171 

161 

0-12 

0*1168 

237 

188 

177 

0-15 

0*1478 

276 

219 

207 

0-2 ! 

0^1964 

334 

267 

262 

0-25 

0*2466 

393 

311 

294 

0-3 

0*3024 

461 

368 

337 

0-4 

0*4064 

654 

437 

412 

0*6 

0-4986 

636 

607 

474 

0*6 

0*6062 

733 

681 

— 

0-76 

0-7435 

842 

667 

— 

1*0 

1-0S76 

1 066 

843 



* The current values given in this column refer to cables witH 
circular conductors j the rating may be increased by 4 per cent 
for cables with segmental conductors. When two conductor 
only are carrying current (thffee-wire system, balanced load), the 
current values given in thisfc column may be increased by 15 per 
cent. 


Table 24. 


3 SOO-'yo/^ Unarmoured Cable in Duct; Earthed cr not 
Earthed (Table 7, B.S.S. No. ;r—1922). 


Area of Conductor 





Concentric, 

3-Core* 

Nominal 

Calculated 


sq. in. 
0*0226 

sq. in. 

0*02214 

amps. 

70 

amps. 

63 

0*03 

0-02840 

82 

74 

0*4 

0-03960 

102 

n 

0*06 

0-06999 

133 

121 

0*076 

0-07692 

163 

140 

0*1 

0-1009 

183 

168 

0*16 

0-1478 

233 

2l7 

0*2 

0-1964 

280 

261 

0*26 

0-2465 

327 

305 


• The current values given in this reto to cabl® mth 

ircular conductors; ,tbe ratmg may be mcreased by 2 per cenj 
01 cables with segmental conductors. 
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Table 26. 


5 bO^voU Unaymoured Cable in Duct; Earthed or not 
Earthed (Table 8, B.S.S. No. 7—1922). 


Area of Conductor 

• 

Concentric 

S-Core* 

Nominal 

Calculated 

sq. in.* 

sq. in. 

amps. 

amps. 

0 0225 

0*02214 

71 

66 

0*03 

0*02840 

83 

76 

0*04 

0*03960 

104 

93 

0*06 

0*06999 

134 

123 

0*076 

0*07692 

166 

141 

0*1 

0*1009 

186 

171 

0*16 

0*1478 

236 

219 

0*2 

0*1964 

282 

262 

0*26 ^ 

0*2466 

326 

304 


Table 26. 

6 600-z;o/i{ Unarmoured Cable in Duct ; Earthed or not 
Earthed (Table 9, B.S.S. No. 7—1922). 


Area of Conductor 

Concentric 

3-Core* 

Nominal 

Calculated 

sq. in. • 

sq. in. 

amps. 

amps. 

0-0226 

0*02214 

71 

65 

0*03 

0*02840 

84 

76 

O'C^L 

0*03960 

104 

93 

0*06 

0*05999 

136 

123 

0*076 

0*07592 

166 

142 

0*1 

0*1009 

186 

170 

0*16 

0*1478 

237 

218 

0*2 

0*1964 

282 

262 

0*26 

0*2465 

327 

304 


Table 27. 

11 0(^~volt Unarmoured Cabl» in Duct; Earthed or not 
Earthed (Table 10, B.S.S. No. 7—1922). 


Area of Conductor 

Concentric 

3-Core* 

Nominal 

Calculated 

s^. in. 

sq. in. 

amps. 

amps. 

0-t>225 

0*02214 

73 

66 

0*03 

0-02840 

86 

78 

0*04 

0*03960 

104 

96 

0*06 

0*05999 

139 

125 

0*076 

0*07692 

168 

146 

0*1 

0*1009 . 

188 

173 

a* 16 

0*1478 

238 

220 

0*2 

0*1964 

283 

263* 

0*25 

0*2465 

327 

304 


^ * The current values given in this column refer to cables with 
either circular or segmental conductors. • 

VoL, 61. 


THEORETICAL AND EXPERIMENTAL WORK. 

Since the issue of the Preliminary Report, the inves¬ 
tigation has been directed to obtaining the information 
necessary to enable final current-loading tables for 
cables *to be drawn up. The factors regarding which 
further information was required, and also points which 
were raised in the discussion that took place on the 
Preliminary Report, may be included in a brief re¬ 
statement of the problem. 

Apart from the dielectric losses, which axe negligible 
for the cables dealt with in this report, the maximum 
permissible current-loading of cables depends on the 
following factors:— 

{a) The power losses in the cable. 

(6) The thermal constants of the dielectric and pro¬ 
tective coverings. 

(c) The thermal constants of the surrounding soil, 

which depend on such factors as th^ moisture 
content and the depth of laying. 

(d) The temperature of the ground. 

(e) The expansion of cables. 

(f) The maximum temperature to which it is per¬ 

missible to expose the dielectric and conductoi;. 

(g) The mutual influence of neighbouring cables when 

two or more are laid . together in the same 
trench. 

(Jt) The effect on the current-rating when cables are 
drawn into ducts or laid ** on the solid system."' 

{j) Any modification of the rating permissible when 
a cable is not loaded continuously at its maxi¬ 
mum current (this is the more flsifal case in 
practice). 

The factors given above are here considered^n detail, 
and various other points relevant to the heating of 
buried cables are dealt with. 


(1) Power Losses in the Cable. 

Apart from losses occurring in the dielectric, which 
are negligible for the cables dealt with in this report, 
the power losses will depend on the current and the 
resistance of the conductor. Small variations may, and 
will be, found in individual lengths of cable, but the 
permissible limits of variation of condi^ctor resistances 
are specified in B.S.S. No. 7—1922. As many as 29 
cables were tested, details of which are given in Appen¬ 
dix I; and actual measurements showed that while 
several of the conductors were not very close to the 
sgedfied dimensions, the resistivity of 230 samples of 
copper taken from the different cables varied only 
from 0* 1613 to 0* 1688 ohm per metre-gramme at 20® C., 
the higher value being probably the result of war-time 
and later dif5.culties with copper supplies. 

The resistivity of the copper in cables supplied prior 
•to 1914 rarely exceeded 0*163 ohm per metre-gramme, 
the usual value being 0*162 or even less. 

The average temperature coefficient of 47 of the 
samples was 0*00390 at 20® C., or nearly 0*0040 
fit 16® C. 


37 
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(2) Thermal Constants of Impregnated Paper . 

Dielectric. 

The results obtained with the cables first laid sug¬ 
gested that the ’thermal resistivity of the dielectric 
might v^ry with different cables to a larger extent than 
had hitheyfco been supposed. • Determinations* were 
therefore made with all cables then available, which 
included a length of six-core cable for split-conductor 
working (each conductor circular), and one of three- 
core concentric split-conductor cable, provided by the 
Glasgow Corporation. These were supplemented later 
by six lengths of three-core cable from different makers, 
with dielectric as frequently used for 20 000-volt work¬ 
ing, supplied thrgugh the Cable Makers* Association. 

The thermal resistivity *of the cables was determined 
by measuring the temperature of the conductor and 
the lead sheath by change of resistance, the dimensions 
of the cable being known. It was assumed that the 
heat distriJIpution throughout the conductor was uniform, 
and also that there was no appreciable temperature 
gracjient in the lead. All the American and German 
authorifies have neglected any gradient in the lead 
sheath, and this is justified'by consideration of the 
thermal resistivity of the lead as compared with that 
of a paper and oil dielectric. 

The thermal resistivity of lead is 2*9, as compared 
with (say) 500 for the dielectric; thus, with a tempera¬ 
ture gradient of 20 degrees C. between the conductor 
and the outside of the lead sheath, the gradient in the 
sheath would be of the order of only 0* 1 degree C. 

The thermal resistivity was calculated by means of 
the following formulae adapted from those given by 
Dr. A. Russell.* 

For single-core cables the thermal resistivity 


K ss ^^(^1 ~ ^ 2 ) 


. (23) 


where H = total heat in watts developed in each cm 
length of conductor. 

Ti = radius of the conductor. 

7*4 == inner radius of the lead sheath. 

— ^2 = temperature difference betsveen the con¬ 
ductor and the lead sheath. 


For a concentric cable 




— ^2) _ 

+ log. (’■Jj'a)] 


(24) 


where H «= total heat in watts developed in each cm 
length of each conductor.! 

Ti = radius of the inner conductor. 

^2 = inner radius of the outer conductor. 

^3 = outer radius of the outer conductor. 

= inner i»,dius of the lead sheath. 


And for jnulti-core cables 






H- log* 


J \ 

tnr® X X rj 


. (25) 


* “ Theory of Electric Cables,** p. 217 d seq. 
t l^or this purpose the heat developed in the outer conductor 
is assumed to be the s^me as that in the inner conductor. 


where a = rfidius of circle on which the centres of the 
conductors lie. 

H == total heat in watts developed in eacE cm 
length of each conductor, 
n = number of separate conductors in the cable. 
r = radius of each conductor. 

The thermal resistivity K thus obtained is expressed 
iif terms of the difference of temperature in degrees C. ■ 
required to cause the flow of one joule of heat per second 
between opposite faces of a cm cube. One joule of 
heat per second expressed in electrical measure is one 
watt, and equals 0 • 24 gramme-calorie per second. 

The formula for multi-core cables is subject to con¬ 
siderable error except where the size of the conductors 
is very small as compared with the total diameter of 
the sheath. Alternative formulae by Mie * were 
examined by Mr. S. Butterworth, Of the National 
Physical Laboratory, whose conclusions afe gi^en in 
Appendix II. The examination indicates that Mie*s 
formulae axe subject to considerable error and, more¬ 
over, values calculated by RusselFs formula are very 
different from those obtained by Mie’s formula. It 
was therefore considered advisable to make some experi¬ 
mental determinations to check the formulae and to 
evaluate the amount of the correction required. 

Various methods were considered and it was finally 
decided to construct an electrostatic moddl of the cable; 
this consisted of a large metal tube corresponding to 
the lead sheath of the cable, with three rsmaller tubes 
corresponding to the conduc^.ors placed inside"! Various 
sets of inner tubes were available, corresponding to 
different sizes of conductors, and the apparatus per¬ 
mitted of the arrangement and spacing of the"^ inner 
tubes being varied. They were carefully insulated from 
the outer tube and the apparatus then formed a con¬ 
denser the capacity of which could be accurately deter¬ 
mined by appropriate methods. 

The thermal resistance can then be deduced by 
means of the analogy between electrostatic capacity 
and resistance. 

Mr. D. W. Dye of the National Physical Laboratory 
gave valuable advice and assistance in connection with, 
this electrostatic’ method. • 

The detailed accoimt of this portion of the investi¬ 
gation is given in Appendix III. 

As a result of this investigation the error curve shown 
in Fig. 36 was obtained for the Russell formula, wMch 
on account of its greater simplicity was preferred" for 
general use (see Appendix IV). 

Table 28 gives the values of thermal resistivity 
obtained for all the cables tested. In the case cff the 
three-core cables two sets of values are given : (1) those 
evaluated by means of the Russell formula without 
correction as- given in the Preliminary Report; and 
(2) the values corrected in accordance with the error 
curve. 

The table includes also some values for bitumen '' 
filling and non-impregnated paper. 

It will be seen from Table 28 that the higher values- 
occur more generally, wiffi the older 660-volt cables,, 
and the Ibwer values with the modern “cables as fre?? 

* EUktrotechnisdhe Zeitschrift, 1306, voL, 26, p. 137. 
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TAlBDE 28. 


thermal Resistivities of the Dielectrics of Cables,^ 



Papib'insulated Gable 

Mean Value of Thermal 
Resistivity in Electrical 
Measure, K 

©able No. ' 

Sectional Area 
of Conductor, 
sq. in. 

Working 
Pressure, volts 

As determined 

• 

Values as 
Corrected after 
further 
Investigation 


Single Cables, 


1 

0-1 

660 

1200 

— 

2 

0*2 

660 

800 

— 


Concentric Cables, 


3 

0-1 

660 

620 

4 

0*1 

660 

1060 

5 

• 0-1 

660 

1 160 

6 

0*2 

660 

1 060 

7 

0-2 

660 

1 000 

8 

0*2 

660 

870 

9 

0*2 

660 

(jute 

insulated) 

720 

10 

«‘5 

660 

1090 


Three-core Cables, 


11 1 

0-025 

^660 

1050 

1 330 

12 

0-05 

11000 

, 730 

— 

13 

0-1 

6 600 

720 

775 

141 

0-1 

660 

670 


15 

0-1 

6 600 

420 

_ 

16 

0-15 

6 600 

500 

— 

17 

0-15 

20 000 

460 

505 

18 

0-15 

20 000 

560 

600 

19 

0-15 

20 000 

470 

527 

20 

0-15 

20 000 

560 

618 

21 

0-15 

20 000 

460 

515 

22 

0*15 

20 (i00 

570 

640 

23 

0-2 

20 000 

600 

648 

24 

0*2 

20 000 

600 

648 

25 

0-2 

3 300 

650 

— 

•26t 

0-2 

20 000 

710 

— 

27 

0*25 

11000 

580 

_ 

28 

0-15 

3 300 

630 

720 

29 

0*15 

11 000 

510 

560 


Bitumen filling 

511 


Paper (not impregnated) 

960 

. — 

Vulcanized bitumen .. 

486 

— 

Vulcanized bitumen cables 



(value 4^termined by Prof. 



Marchant) .. 

510 

— 


* The dimensions of the cables are^ given in Appendix I. 
t The innei^ and outer conductor of each core were in parallel 
and treated as one conductor. 


quently used for 20 000-volt working. Further investi¬ 
gation has been directed to o^btaining values that could 
be considered representative of modem cables for 
lower pressures. For this purpose, cables Nos. 28 and 
29 were obtained, and the thermal resistivities of these 
cables were found to be 720 and 560 respectively. 
The manufacturer of cable No. 28 stated that he had 
purposely made a cable having a high value, since this 
would, and in fact did, provide an additional and inter¬ 
esting check on the methods of calculation. As a 
further example, a length of large three-core 660-volt 
cable had a value of approximately 750. 

Examination of the experimental values for dijfferent 
t)rpes of cable showed that generally the lower-pressure 
cables had a thermal resisti’Jity somewhat greater than 
the higher-pressure cables had. In view of the cost of 
manufacture it was considered unreasonable to expect 
that the lower-pressure cables would nornjally have a 
value of thermal resistivity as low as that of the higher-^ 
pressure cables, and therefore the following ^gures were 
adopted as representing fair values for the different 
types of cables.* 

Cables for pressures up to and in¬ 
cluding 2 200 volts .. .. jK = 750 

Cables for pressures above 2 200 
volts up to and including 
11 000 volts. jK = 550 

The value of K is obtained by means of the corrected 
Russell formula. If calculated by the uncorrecte4 



Guard ring 


ho 


ho 

c 


E 

L. 

Cenbral 

L. 

•a 

L. 

hot plate 


Cd 



3 


3 

o 


o 


Guard ring 



Fig. 3.—^Diagram of apparatus for the determination of the 
thermal resistivity of soil. 

formula as in the Preliminary Repqjrt the values are 
more nearly 700 and 500 respectively. 

(3) Thermal Constants of the Surrounding •Soil. 

[a) Thermal resistivity. —^Dr. E. Griffiths of the N.P.L. 
Heat Department has determined experimentally the 
thermal resistivity of soil with varying amounts of 
-moisture content. 

The apparatus consists of a flat centrals plate, elec¬ 
trically heated and surroxmded by a guard ring (see 
Fig. 3). The guard ring consists of an outer opiate in 
the form of a ring, in the ^ame plane with the central 
plate but separate from it. The gyard ring is main- 

♦ Higher values have been adopted for cables with coaductors 
having a sectional area less than 0 '06 sq. in; to allow for the diffi¬ 
culty in manufacturing small cables. 
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tained at the same temperature as the central part, 
but the electrical power supplied to the central part 
is measured separately from that supplied to the guard 
ring. 

At a distance of 1 in. from the hot .plate were two 


faces. The frames were sand^viched between the hot 
and cold plates and surrounded with granulated cork. 

The heat transmitted through the -^specimens was 
determined from observations of the watts dissipated 
in the hot plate. Before the final observations were 



Fig. 4.—Apparatus for the determination of the thermal resistivity of soil. 



Fig. 5.—Thermal resistivi^ and moisture content of soil. 


other plates cooled by water circulation and main¬ 
tained at a constant temperature. 

Fig. 4 shows the apparatus before assembly; the 
hot plate with the guard ring is in the centre and the * 
cold plates are on either si^e. < 

The soil was gacked jn wooden frames with zinc 
faces the size of the hot plate, and these were sealed 
in waxed paper envelopes. Thermo-couples of copper 
constantan were soldered to various points on the zinc • 


taken, ample time was allowed for equilibrium to be 
attained, and the observations extendi over a period 
of several days. 

The range of temperature over which the test was 
mad® was from 15° C. to 25° C.; the temperature 
interval was kept as small as practicable in order to 
avoid disturbing unduly the distribution of moisture. 

The resultant values are given in the curve shown- 
in Fig. 5, which iJiCludes also values deduced from 
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Shanklin's results,* two -values from Teichmuller and 
a cmve from Kennedy’s figures. 

Two series f oT observations were made at the N.PX., 
one on the sandy loam soil of Teddington, and the 
other on heavy (flay soil from the Newcastle district. 
It will seen from Fig. 5 that the values for the two 
types of soil are markedly different; the clay is nearly 
the same as the sandy loam when both are dry, but it 
is considerably higher than the sandy loam when damp. 

The N!P.L. values are quite regular, and the Shanklin 
curve for light soil agrees only at the extreme ends, the 
difference with moisture contents of from 1 per cent to 
8 per cent being large. The two values of Teichmuller 
are near the point at which the N.P.L. and Shanklin 
curves cross, and are in fair agreement at this point. 
Kennedy's values for sand, however, agree closely with 
the N.P.L. curve for stiff clay. 

(6) Moisture content ,—The moisture content of the 
soil varies Considerably from time to time and place 
to place. At Teddington in a normal year the moisture 
content varies from 9 per cent to 15 per cent, the latter 
figure being more usual during the winter. In the 
abnormal year of 1921 the values at 2 ft. depth taken 
at the N.P.L. are given in Table 29. 

Table 29. 

Moisture Content of Soil at Teddington in 1921 
and 1922. 


Date 

Moisture Content, 

percent 

8th July, 1921 .. 

4-5 

20th November, 1921 .. 

8-0 

12th January, 1922 

14-0 

22isd April, 1922 

12*0 


Observations taken by Mr. M. Fairer, Engineer and 
Manager to the Twickenham and Teddington Electric 
Supply Co., showed that in the neighbourhood of 
Teddington the values were from 10 per cent to 14 per 
cent up to Jifne 1921, but that at Claygate, a few miles 
away, where the soil is clay# and the height above sea 
level much greater than at Teddington, at one place the 
exceptionally low values of from 1*6 per cent to 2*8 
per cent were obtained in November 1921. 

These low values are apparently not due to drying 
of tfie soil by the heat from the cable, since in one case 
in which observations were taken the moisture content 
immediately against the cable was 2 per cent, and at 
18 inT away from it was 1*9 per cent. 

In the Newcastle-upon-Tyne district the figures for 
the latter part of 1920 showed that the moisture content 
varied from 14 per cent to 38 per cent, the more general 
value being about 20 per cent. From April to June 
1920 the values varied from 8 per cent* to-39'per cent. 
For, 1921, the values varied from 4 per cent to 28 per 
cent. Other towns show differences of much the game 
order. The latfe Mr. G. L. Black obtained values at 
Glasgow in 1920 varying from 11 per cent to 29 per 

* Journal of the American Institute of Electrical En^neers 1922, 
vol; 41, p. 92. # 

t For values for chalk see Appendix VIIl. 


cent, and the values obtained by Mr. J. Christie at 
Brighton in 1921 varied from 15 per cent to 21 per cent. 

In Buenos Aires, during May and June 1921, Mr. J. 
Wilson determined the moisture content at 20 different 
places, and the •values varied from 16 per cerft to 28 
per cefit, the average being 21*4 per cent.* 

The statement given above is a short summary of 
the overall limits of the values observed. It will be 
appreciated that the moisture content will vary with 
different types of soil, and with climatic conciitions, 
and that where cables are being run continuously at 
approximately the maximum current-loading, obser¬ 
vations should be made of the moisture content with 
a view to ascertaining the minimum to be expected 
under full-load conditions. This is particularly neces¬ 
sary where cables are laid close to the surface and 
where the moisture content would probably be lower 
than at a greater depth. A large number pf observa¬ 
tions has been made, and while it is clear ^that it is 
impossible to provide data capable of general applica¬ 
tion, the series of observations taken in the Newcagtle-j 
upon-T 5 me district are given in Appendix V *for the 
purpose of showing the order of variation that might 
be expected both at different times of year and in 
various t 3 q)es of soil at the same time. * 

Engineers have from time to time drawn attention to 
the drying action of a heated cable, and have stated 
that with a continuously loaded cable the soil in the 
immediate vicinity becomes quite dry; but although 
in the course of -^e investigation detoite evidence on 
this point has been sought, it has not been obtainrsd. 

It is extremely rare for soil to have a le^ moisture 
content than. 5 per cent, even when appearing to be 
quite dry. Moreover, practical tests have shown that 
the soil immediately surrounding a cable running con¬ 
tinuously on full load for a week was distinctly wetter 
than that at distances of 1 and 2 ft. away horizontally, 
values of moisture content of 18, 16 and 14 per cent 
respectively being obtained. These values occurred in 
open country in stiff clay at several points that had 
not been disturbed previously for 12 years. It is 
common experience to find the cable trench many years 
after excavation acting as a drain to the surrounding 
country. 

When cables are required to be loaded for long periods 
at their maximum current, attention should be paid to 
the condition of the soil in view of the large difference 
in current-carrying capacity for the extremes that may 
be met with. 

It was decided: (1) To adopt the series of values 
connecting moisture content and thermal resisti^ty 
obtained at the N.P.L., and (2) to prepare four sets 
df tables of maximum permissible currents for armoured 
cables laid direct in the ground, and ^allies for armoured 
and unarmoured cables in air, and for unarmoured cables 
drawn mto ducts. 

It was also decided that the current-loadings in the 
four sets of tables for armoured cables laid direct in the 
ground should correspond to the values of moisture 
content and thermal resistivity of the soil given in 
Table 30. 

In the case of heavy clay soil with moisture content 
greater than that given above, the value of the thermal 
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resistivity is not reduced appreciably; for instance, 
with a moisture content of 25 per cent the thermal 
resistivity is approximately 150 (see Fig. 5). • 

(c) Depth of laying ,—^The experimental work to deter¬ 
mine the effect of the depth of laying, published in the 
Prehminary^Report, has been compared with theol’etical 
formulae. In the experimental 'work three lengths of 
0*1 sq. in. three-core 660-volt cable were laid at New¬ 
castle-upon-Tyne at depths of 1*5, 2*5 and 4*5 ft. 
respectively, and the heating was determined. 

The general formula shows the importance of the 
term (?, the thermal resistance of the ground. The 
question of the depth of laying is therefore intermixed 
with the question of the validity of the assumption 
regarding the heat flow, *but in order to show more 
clearly the comparison between experimental and calcu¬ 
lated results, the question of the depth of laying may 
be considered here, comparing the values obtained with 
those calcqjated by means of the formula finally adopted. 


• ^ 

(the mean of a series of values ranging from 0*7 to 

7*4 per cent) over that of a similar cable carryin§;^the 
same current and laid at 1*5 ft. below'*the surface. 

According to the general formula, the ratio of tempera¬ 
ture-rise in the two cases is given to k first approxima¬ 
tion by the equation— ^ ’ 


t 35 + 60*5 

S + G ~ 35 H- 54*0 


(28) 


or the temperature-rise at 2*5 ft. is 7 per cent greater 
than at 1*5 ft. 

The average increase of temperature-rise in a cable 
laid at 4*5 ft. below the surface was 15*7 per cent over 
that of a similar cable carrying the same current laid 
at 1*6 ft. This was the mean of a series of results 
ranging from 10*8 to 18*95 per cent. 

The calculated value for this case is 


^ 35 + 68 103 

~ 35 -f 54 ~ 89 


Table 30. 


Values of Thermal Resistivity and Moisture Content of 
Soil on which the Current-loading Tables are based. 


• 

Thermal Resistivity 
ofSoil,flr 

Approximate Moisture Content of Soil 

Sandy Loam 

Heavy Clay 

Chalk 

340 

0 

1% 

2% 

180 

5 % 

17% 

10% 

120# • 

10% 

— 

16% 

90 

10% 

’”■* 

20% 


The betting of a buried cable is governed by the 
relation— 

H^tl(G + 8) .... (26) 

where H = total heat in watts developed in each cm 
length of each conductor. 

t =! temperature-rise of the conductor above the 
datum level. 

8 == thermal resistance of the dielectric and the 
protective coverings surrounding the 
conductor. 

G «thermal resistance of the earth between the 
piptective covering of the cable and the 
external isothermal. 

Fqr a cable of the type considered, 8 is approximately 
35 and the three values of 



corresponding to the three depths of laying specified, 
are as follows:— 

ForL= 1*5ft, 54*0. 

„ = 2*5,ft., 60*5. 

„ = 4;5ft., (?= 68*0. 

Comparing first the experimental results obtained, 
the average increase in temperature-rise in a cable laid 
at 2*5 ft. below the surface of the ground was 4 per cent 


In computing the current-loading tables it was 
decided to adopt 18 in. as the depth of laying for cables 
for pressures up to and including'"2 200 volts, and 3 ft. 
for cables for pressures above 2 200 volts up to and 
including 11 000 volts, the dimension being in each case 
the distance from the surface of the ground to the axis 
of the cable. 

(4) Temperature of the Ground. 

A large amount of infon^ation has been collected on 
the actual temperature of the ground in different parts 
of the world. For Britain, full information is available 
in the reports of the Meteorological Ofi5.ce, and these 
are shown in Fig. 6. The values for Calcutta and various 
parts of Australia, which have been furnisl^ed through 
Mr. B. Welboum, axe shown in Figs. 7, 8, 9, 10 and 11. 

It will be seen from Fig. 6 that even in the abnormal 
year of 1921 the maximum ground temperature at a 
depth of 2 ft. was only approximately^20® C. and that 
during the greater part of the year the value was lower 
than 15® C. (the Australian figures are not greatly 
higher than these). 

It was appreciated that tl^e highest ground temperature 
coincided with the period when the peak load would be 
in general a minimum, and it was decided to adopt a 
value of 15® C. as representing the average temperature 
on which current-loading tables should be based. 

(5) Expansion of Cables, 

The extent to which the conductor and the^lead 
sheath of a cable expand is a factor which requires con¬ 
sideration in connection with current-rating. The total 
expansion as a result of heating may be taken up in 
various directions, but the differential expansion between 
the lead and the copper gives an indication of the 
internalto which the cable is subjected. 

The expansion that would be expected can be c^lcu- 
latecl from the coefficient of expansion of the materials 
and from knowledge of the temperature. Taking the 
following coefficients ly— 

For copper .. ,. 0*0000168 for 1 degree C. 

For lead .. .. 0*0000275 „ 



539 


IMPREGNATED PAPER-INSULATED ELECTRIC CABLES. 


andf;takmg values of temperature from actual observa¬ 
tion^ in which the rise of temperature of the lead sheath 
is a^ut one-ha^f that of the conductor, the expansion 
per 100 yards' run after steady conditions have been 
reached in a ca^le as used for 20 000 volts is as 

follows:— 

• 

Conductor 0*6 in. for 10 degrees C. temperattire- 
rise of conductor. 

Lead sheath.. 0 • 47 in. for 10 degrees C. temperature- 

rise of conductor. 

For an 11 000-volt cable:— 

Conductor .. 0 - 6 in. for 10 degrees C. temperature- 

rise of conductor. 

Lead sheath.. 0*58 in. for 10 degrees C. tempera¬ 

ture-rise of conductor. 


the difference of temperature between the conductor and 
the sheath might be greater than when the steady con¬ 
dition is reached. As a further example, therefore, a 
0-15 sq.‘in. 11 000-volt cable laid direct in the ground 
was tested 2 hours after the current (220 amperes) had 
been ^tched dii, and the results were as follows:— 

Temperature-rise of lead sheath .. 8 degrees C. 

Temperature-rise of conductor .. 18 degrees C. 

Under these conditions the calculated 

Expansion of 100 yards of conductor would be 
1*09 in. 

Expansion of 100 yards of sheath 'v^ould be 0*74 in. 

It is apparent, however, that with an armoured three- 
core cable in which the cores are twisted around each 
other the linear expansion is considerably less than the 



For,a 3~300-volt cable :— 

• Conductor ., 0* 6 in. for 10 degrees C. temperature- 

' rise of conductor, 

, Lead sheath.. 0*56 in. for 10 degrees C. tempera¬ 
ture-rise of conductor. 

Thus in these examples the differential expansion is 
^gill, the difference of temperature between conductor 
and sheath being compensated for by the differei^^e in 
the coefficient bf expansion. 

It appeared to be possible that the conditions of con¬ 
tinuous loading did not necessarily represerffc the most 
severe conditions, since in the eaxfy part of the heating 


above values would indicate. Some tests by a kirge 
firm of cable makers gave results which, when re¬ 
duced to a basis comparable .with the above, are as 
follows:— 

For a 0*15 sq. in. three-core hi^-voltage armoured 
cable laid out along a floor— 

Temperature-rise of conductor ,. 40 degrees C, 

Temperature-rise of sheath .. 20 degrees C. 

Differential expansion between con¬ 
ductor and sheath 0*024 in. 

Differential expansion between 
sheath and ground .. 0*9 in. 
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Fig. 9. —^Earth temperatures at Sydney (Australia). ^ Fig. 11. —^Earth temperatures at Calcutta (India), 
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Had the lead and copper expanded freeljr the expan¬ 
sion would have been :— 

Copper = 2*35 in. 

Lead = 2*0 in. 

Armouring = 0*9 in. 

The coiifclusion drawn was that the copper and 
expanded by the amount of the expansion of the 
armouring only, the frictional grip of the paper around 
the copper and that of the armouring around the lead 
and the paper under the lead being sufficient to prevent 
any further expansion. 

The lead and copper therefore will be in a state of 
longitudinal compression and the resultant expansion 
may be fadial. 

Apart from the temporary expansion, results of actual 
measurements by Beaver * indicate that after a cable 
has been heated and cooled a permanent set is pro¬ 
duced, •the funoimt and direction of which varies in 
dijfferent parts of the cable. A result of this kind may 
apply only to the exact condition under which the 
particular tests were made and does not necessarily 
hold for all conditions of la 3 dng; at the same time, 
however, the values obtained are of great interest and 
significance. 


(6) Maximum Permissible Temperature for Paper- 
insulat]S!d Cables for Pressures up to and 
INCLUDING 11 000 Volts. 

The que^tioa as to the maximum temperature to which 
the impregnated paper dielectric can be exposed for long 
periods without fear of deterioration, either mechanical 
or elec^cal, is one on which various authorities are some¬ 
what in conffict. The present permissible temperatures 
fof various countries are as follows:— 

(1) American (I.E.E.) .. .\ 85° C., less 1 de¬ 

gree C. for each 1 000 volts increase. 

(2) German (V.D.E.) .. .. 50° C. 

(3) French (Laboratoire Central) 50° C. 


In 1921 the following figures were suggested by 
various Amei^can investigators ** :— 


(4) Del Mar t 

(5) Elden + 

(6) Torchio § 

(7) Fisher and Atkinson |1 

(8) Roper ^ 

• 

These later values are all 


.. 85° C. to 90° C. 

.. 85° C. 

.. 105° C. to 110° C. 

.. 85° C. 

.. 110° C. 

based on consideration 


of the mechanical properties of the paper only, and 
from* this point of view alone the suggested limit of 
80° C. to 85° C. is probably quite reasonable, and is 
confirmed by the preliminary experiments at the 
National Ph 3 rsical Laboratory published in the Pre¬ 
liminary Report. 

In June 1922, Roper published results If showing 
that at the normal operating temperature a large 


♦ Journal 1915, vol. 63, p, 67. 

See Add^dum on page 661. . 

t Journal oftho fimerican Institute of Electrical EngineerSt 1921, 
vol. 40, p. 131. 
t Ibid., 1921, vol. 40, p. 146. 

,§ Ibid., 1921, voL 40, p. 96. 

11 Ibid., 1921, vol. 40, p. 183. 

^ Ibid.,-I92l, vol. 40, p. 201. 


number of breakdowns occurred on cable systems, 
apparently due mainly to heating in the dielectric. 

The German values are based on the dielectric losses, 
50° C. being the point at which according to their 
earlier investigations these losses become appreciable. 
Considerable improvement has been effected, in recent 
years in this respect and, it appeared probable on tlie 
information available that from the point of view cf 
the dielectric only a temperature of 80° C. might be 
adopted, especially as the dielectric losses of the cables 
dealt with in the cmrent-loading tables are so small 
that they can be neglected. 

After full consideration of all the various factors 
involved it was decided to adopt 65° C, (that is allowing 
a rise of temperature of 50 degrees C. above the value 
of 15° C. taken as the normal temperature of the 
ground) for the maximum temperature of the conductor 
for armoured cables up to and including 11 000 volts 
working pressure, laid direct in the ground. Here 
emphasis has been laid on the heavy cost o^replacing 
underground mains and the long life and reliability oi 
operation which are required for such cables. Moreover,* 
it was appreciated that:— 

(а) There was danger of mechanical trouble with an 

excessive temperature owing to the movement 
of the cable relative to the earth or duct. 

(б) For the higher-pressure cables it was desirable to 

err on the side of safety, while for the lower- 
pressure cables it would not be economical to 
run at high temperatures, since owing to the 
operation of Kelvin's law the cost of the energy 
losses would be in excess of the sa\dn 5 in copper. 

The actual difference in permissible current-loading 
between rises of 50 degrees C. and 65 degrees C., corre¬ 
sponding to final temperatures of 65° C. and 80° C. 
respectively, is approximately 12 per cent. * 

In view of the fact that a cable drawn into a duct is 
free to move lengthways along the duct and cause 
injury to the lead by abrasion, it was considered that 
the permissible temperature should be lower than that 
for cables laid direct in the ground. It was decided, 
therefore, to adopt 60° C. for the maximum temperature 
of the conductor for plain lead-sheathed cables drawn 
into ducts, this value corresponding to a temperature- 
rise of 35 degrees C. 

(7) Summary of Proposed British Constants and 
THOSE adopted BY OTHER CofTNTRIES. 

In Table 31 is given a summary of the various con¬ 
stants now proposed, as the result of this investiga¬ 
tion, for the calculation of current-loading tables. The 
corresponding constants adopted by the French, German 
aSid Japanese authorities are given for comparison. 

British: Values refer to one cable. • It is recommended 
that where two cables are laid in the same trench and 
in the same horizontal plane the current Ifehould be 
deduced in the following ratios (see Table 37, page 549) : 
Four inches between axes .. 0*76 

Eight inches between'axes . 0-82 

Twelve inches between •axes * .. 0*86 

French: Values refer to one cable. It is recom- 
•mended that where more than one, cable is laid in the 
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same trench the current should be reduced in the 
following ratios:— 

Two cables.0-84 

Three cables 0-76 

' Larger number .0-55^ 

German; Values refer to two cables laid in the same 
‘feench. 

(8) Representation by General Formula. 

The calculation of the temperature-rise of a buried 
cable is based upon the relation 

H=tl(S + G) .(29) 

The calculation of the thermal resistance S in the case 
of a single conductor is 


Russell's formrila for the ^thermal resistance of'unit 
length of a multi-core cable is:— 


_ K (r|" — g^”) 


(33) 


Various suppositions have been made regarding 
a suitable expression for G, the thermal resistance of 
the soil surrounding the cable. Kennelly * supposed 
that the surfece of the ground above the cable might 
be regarded for practicaJ purposes as a plane isothennal. 
On this supposition, applying the method of electrical 
images as in Foster and Lodge's paper {Philosophical 
Magazine, 1876) it can be shown that 


e Table 31. 

-Summry of Proposed British Constants and those AdopUd in the Calculation of Foreign CurrenUoading Tables. 


Constants 


Permissible temperature-rise of 
conductor 

Maximum permissible tempera¬ 
ture 

'Temperature^of soil 
K of soil .. 

K of cable .. 

Depth of laying ... 


British (now proposed) 

French 



Laid Direct In the 
Ground 

Drawn into Ducts 



50 deg. C. 

35 deg. C. 

40 deg. C. 

25 deg. C. 

85 deg. C. 

66 ° C. 

50° C. 

50® C. 

§0®C. 

100° c. 

15® C. . 

16° C. 

10® C. 

26® C. 

16° C. 

340, 180, 120 
and 90 

— 

200 

100 

324t 

550 and 750 

660 and 760 

230* 

500t 

636 

1 ft. 6 in. 
and 3 ft. 


Not specified 

2 ft. 3 in. 

3 ft. 


* The very low value here is not the result of experiment, but appears to have been adopted ^ter 
given hy^ various investigators. It would seem probable that there is an error m the French values due to a misunderstanding 
as to the units in which the thermal resistivity is expressed. 

t This corresponds to the British value of 660. + sana. 


The same formula applies to the external armouring 
when this is present, the thermal resistance being then 
the sum of two such terms, so that 





(31) 


Jhe thermal resistance of the lead sheath is regarded 
as negligible. In the concentric cable the thermal 
resistance between the conductors and the sheath, 
the thermal resistance of the outer conductor being 
neglected, is givefl by the formula:— 


+■««<©] • • » 

In the case of a multi-core cable two or three different 
formulae are available for the calculation of the thermal 
resistance from the thermal resistivity, or vice versa. 
These are fully de^t with in the section on page 669t 


Here I is very closely the^depth of the cable axis below 
the surface of the ground, and for the purposes of this 
investigation 2 = D. 

Usually is large compared with unity. For 

example, taking Z = 18 in. and d = 3 in., ==? 144. 
The expression for G can therefore be simplified and 
written in the form 



In this form it was used by Teichmfiller and others 
(see "Die ErwSxmung der Electrischen Leitungen," 
p. 53). 

The basic assumption here is that the surface of 
the earth above the cable, because of the free dissipa-" 
tio» of heat due to radiation and convection through 
the ambient air, forms an isothermal'"surface, and this 
henceforward will be referred to as the Kennelly 
assumption. 

♦ EUctftcal World, 1893, vol. 22, p. .l83, -; 
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Other and simpler assumptions have been proposed 
by Various investigators, e.g. that due to Apt, refer¬ 
ences to which dccur in other parts of this report. 
Apt suggested that as a first approximation the effect 
of the earth surrounding the cable should be considered 
to be equivalent to thajt of a cylinder of material equal 
in thermal‘resistivity to the soil and having a radkis 
equal to the depth of the cable axis below the surface 
of the ground. On this assumption. 



The heat generated, 11 = nl^Hi 


(36) 

(37) 


where I = current. 

n = number of conductors. 

= Jg(l + 0*004 t), the resistance in ohms per 
cm of the cable at working temperature, 
taking the temperature coef&cient of 
copper as 0*004. 


The formula for the determination of the current 
to produce a given t^perature-rise of the conductor 
ti is therefore 


1 = 


1 

V[^(l +0*004 ti)} 



(38) 


It was considered, however, that the assumptions 
regarding the heat-flow through the surrounding soil 
were not justified, and an attempt has therefore been 
made to determine experiAentally the actual shape 
of the isothermals surrounding a buried cable. Ken- 
ndly a«.d Teichmiiller assumed that the boundary of 
the earth and air formed an isothermal plane, but 
practical expdhence suggested this was not strictly 
accurate, a^ cases are well known of the route of a 
heavily loaded cable being clearly traceable by the 
drying of the surface of the soil immediately over it, 
which suggested* a higher temperature of the ground 
surface immediately above the cable. 

Previous work on buried cables had shown that many 
variable factors existed and that tests made on ordinary 
soil would probably be seriously influenced by 


(a) Lack of homogeneity. 

(&) Change in moisture content with position and 
time. 

(c). Inconstant weather conditions. 


The test to be made had therefore to be under cover— 


(а) *In homogeneous material. 

(б) Of constant moisture content. 

(c) In practically still air at a reasonably constant 
temperature. 


The question of the best material to use was con¬ 
sidered at length, and the relative advantages and 
^disadvantages of bitumen, dry sand and other materials 
were reviewed, which resulted in sand being chcSen, 
chiefly because of the elaborate precautions necessary 
with bitumen and allied compounds to prevent displace- 
ijlent of the measuring thermo-couples during shrinkage 
on cooling. 


The test was made on as large a scale as practicable, 
a rectangular box, 3 ft. square and 4 ft. 6 in. high, 
being built strong enough to contain 2 tons of specially 
dried sand. For the first test, the conductor was a 
metal tube 0*7 i». external diameter placed vertically 
in the b©x on one centre line, 1 ft. from one boundary. 
This gave a ratio of 35 foy the depth of laying to the 
radius of the cable, a very similar value to that assumed 
by Teichmiiller. 

The measurement of temperature distribution was 
made by means of 40 specially constructed thermo¬ 
couples standardized by the National Physical Labora¬ 
tory, the hot junctions lying in a horizontal plane half¬ 
way up the box,, the thermo-couple wires being stretched 
vertically so as not to disturb the lines of heat-flow. 
These thermo-couples were arranged on lines radial 



from the conductor and as accurately positioned as 
possible. The sand was then gently sifted in until 
the box was full, and, after settling down, the thermo¬ 
couples were checked. 

The current was set to maintain a temperature-rise of 
65 degreesC. and this current corresponded to 7* 7 watts 
per foot run. Conditions were maintained as steady 
as possible for one week, when readings at all the thermo¬ 
couples were taken, from which the chart shown •in 
Fig. 12 was plotted. A further set of readings one week 
Is^er were in substantial agreement. 

The cylindrical surface correspondmg to the relative 
temperature-rise (1*0) coincides with the outer surface 
of the cable, and the other isothermals arq decimal 
parts of this down to 0*1. As the boundaries of the 
sand in this test were in no direction very much greater 
Ithan the depth of la 5 dng, it jvas considered of interest 
to make a further test with thqse boundaries relatively 
much further ofl. This was done by sinking a new 
conductor 3 in. from one boundary, on the same centre 
fine as the metal tube. The diameter of this conductor 
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was chosen to give the same ratio (35) as before. The 
thermo-couples were not .quite so satisfactorily placed 
for this test, but they could not, of course, be disturbed ; 
their position was accurately known, and it was possible 
to dr^v a temperature distribution chart in this case 
also (see JFig. 13). The temperature-rise was aS before, 
corresponding to 6*55 watts^er foot run, and readings 
were taken after the current had been maintained for 
one week. 

In this chart (Fig. 13) the isothermals above 0*5 
are omitted for clearness, as they are evidently circles 
nearly concentric with the conductor, but all the iso¬ 
thermals for 0*15 and below cut the ground boundary. 

These results indicate that the assumptions regarding 
the lines of heat-flow do*not correspond to the observed 
facts, and, as will be shown later, it is necessary to 
modify one of the terms of the formula in order to 
obtain satisfactory agreement between experimental 
and calculated values. 



In the calculation of the German tables the V.D.E. 
Commission adopted a formula based upon Kennelly’s 
assumption, but took the thermal resistivity of the 
ground as being one-half the actual value. The reason 
for this was not apparent imtil experimental results 
were obfained which showed that Kennelly^s assump¬ 
tions could not be altogether justified. It may therefore 
be inferred that the reduced value was taken to meet 
the discrepancy between calculated and experimen^l 
values. As an alternative method of reconciling the 
two sets of values*a formula based on Apt’s assumption 
was also^ considered. Here in place of Kennelly’s 
assumption that the surface of the ground is an iso¬ 
thermal it is supposed that the isothermal surfaces* 
are concentric with the cable, and that the total efieci? 
of the earth around it is somewhat arbitrarily regarded 
as being equal to that*of surrounding the cable with 
a cylinder of earth, the radius of which is equal to the 
depth of the cable axis below the surface of the grounds 


The cables actually test^ when buried direct in 
the ground cover a very wide range of cable sizes, and 
have been under observation at different periods of 
the year and under widely different conditions of soil 
temperature, resistivity, etc. It ^therefore becomes 
possible to compare the experimental values for the 
whole series with existing values, and to consider 
the modification of the general formula necessary for the 
calculation of the current-rating of various sizes and 
types of cables. For the purpose of the comparison 
the more important factors, such as the moisture content 
of the soil, have been determined at frequent intervals 
and the values corrected to a standard value of thermal 
resistivity of the soil. Also the thermal constants 
of all the cables have been fully determined, both 
when in air and buried in the ground, and the effect 
of armouring has been investigated. 

In order to make an effective comparison not affected 
by small variables in any particular cab^ th€ experi¬ 
mental values have been corrected to a common basis, 
and those given in Table 32 refer to the following 
conditions:— 

(а) The dimensions of the cable are exact. 

(б) The conductor resistance is of standard value. 

(c) The thermal resistivity of the dielectric is 550 for 

cables for pressures above 2 200 volts and 
750 for cables for pressures up ^:o and including 
2 200 volts. 

(d) The thermal resistivity of the armouring is 300 

(this is the average value of ""alio the cables 
measured at the ff.P.L.). 

(e) The thermal resistivity of the soil is 120. 

(f) The value of current is that recjuired for a rise 

of temperature of the cond actor of 50 degrees C. 

A comparison with the latest V.D.E. tables is given 
in Table 32. 

There are, however, the following important differ¬ 
ences between the two sets of values; 

(1) Thermal resistivity of the soil. In the German 

case this is taken as 50, while in the present 
investigation the value is 120. 

(2) The V.D.E. tables^ refer to two cables run in 

the same trench; the distance apart is not 
stated. For comparison, therefore, the experi¬ 
mental values are given both for one cable 
and for two laid in the. same trench, at 4 in. 
and 8 in. apart respectively between '^xes. 
The thermal resistivity K of the cable is in 
each case 550, corresponding to 500 when 
calculated by the uncorrected formula. 

In Table. 33 a comparison is given of the experimental 
and calculated values of maximum permissible cur¬ 
rents ; in the latter the Kennelly and Apt assumptions 
are both used in each case for two values of g. 

If an intermediate value of = 80 be taken then on 
the Kennelly assumption, the values given in Table 34 
are^btained. Values based on the A]gt assumption are 
in equally good agreement as a series for one particular 
depth of laying. B«it the experimental determination 
of the effect bi depth showed that the KenneUy assump¬ 
tion more nearly •Apresented the facts, and'therefore 
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the formula based on thisi assumption ha^ been used 
with the necessary corrections. 

The* agreement-* between the experimental and the 


of calculation used was sufficiently close for all prac¬ 
tical purposes. The complete current-loading tables, 
therefore, yrere calculated on the Kennelly assumption. 


Table 32. 

Current required ^ cause a Temperature-rise of 50 deg. C. in ^Armoured Cables laid Direct in the Grdund. 





Current in Amperes for a Rise of 50 deg. C. 


Size and Type of Cable 


Working Pressure, 
volts 

Experimental Values corrected to a Common Basis of flr =» 120 

V.D.E. Tables, flr *=* 50 


One Cable 

Two Cables 

Two Cables in One 




4 in. Apart 

8 in. Ajgart 

Trench 

All Armoured: 

0* 1 sq. in, concentric 


660 

280 

213 

230 

282 

0*2 S(J. in. eoncentric 

.. 

660 

419 

318 

345 

440 

0‘15 sq. in. 3-core .. 

.. 

3 300 

296 

224 

243 

3§1 

0* 15 sq. in. 3-core .. 

.. 

11000 

288 

219 

237 

310 

0*15 sq. in. 3-core 

• * 

20 000 

283 

•— 

— 


Table 33. 


Comparison of Experimental and Calculated Values of Maximum Permissible Currents. 




Corrected 

Experimental 

Values, 

0 =» 120 

Calculated Values 

Size and Type of Cable 

Working 

Pressure 

flr« 

120 

s = 

= 60 



Kennelly 

Apt 

Kennelly 

Apt 

All Armoured: 

0* l%q. in. concentric 

0*‘2 sq. in. concentric 

0* 15 sq. in. 3-core 

0* 15 sq. in. 3-core .. 

0* 15 £>q. in. 3-core .. 

volts 

660 

660 

3 300 

11 000 

20 000 

amps. 

280 

419 

295 

288 

283 

amps. 

267 

372 

258 

257 

261 

amps. 

273 

395 

274 

286 

276 

amps. 

313 

454 

308 

302 

309 

amps. 

327 

475 

321 

314 

321 


calculated vakies given in Table 34 was considered 
to be remarkably good, and proved that the method 


Table 34. 

Comparison of Experimental mid Calculated Values of 
Maximum Permissible Currents. 


Si^ and Type of Cable 

Working 

Pressure 

Corrected 

Experi¬ 

mental 

Values, 

^=120 

(1) 

Calculated 

Values, 

(7 ** 80, 

(2) 

Ratio 

12)/(1) 

All Armoured: 

volts 

amps. 

amps. 


0 *1 sq. in. concentric 

660 

280 

291 

1-04 

0-2 sq. in. concentric 

660 

419 

421 

1*00 

0*15 sq. in, 3-core 

3 300 

295 

288 

0-98 

0* 15 sq. in. 3-core 

11000 

288 

284 

O-'^S 

0*15 sq. in. 3-<?ore 

20 000 

283 

289 

1-02 




Mean | 

1-004 


corrected in accordance with the experimental results 
(i.e. by taking g' as two-thirds of g). 

(9) Three-core Cables used on Three-wire 
Circuits* 

The possible increase of current whe^ a three-core 
cable is used on a three-wire circuit, the third conductor 
carrying the out-of-balance current only, has been con¬ 
sidered. It is clear that since any out-of-balance current 
flowing through the third conductor will reduce that in 
o%e of the other two by an equal amount, the balanced- 
load condition is the least favourable from the point of 
view of temperature-rise. This condifion, therefore, has 
been assumed in the consideration of the problem. 

Actual experiments were made with two three- 
core cables, one a very large 660-volt cable, and the 
bther a 2 200-volt cable, and^it was found that in the 
first case the ratio of the currents to produce the same 
temperature-rise of the conductor was 100 to 117. The 
size of the second cable was 0*25 sq. in., and here the 
ftitio of the currents was 100 to These two cables 
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represent a considerable diversity in the ratio of diameter ^11) Triple-cowentric Cables. 


of conductor to thickness of dielectric and, therefore, 
it can be fairly assumed lhat the ratio of currents will 
hold for all sizes of cables. 

A determination of the thermal resistance of a three- 
core cab!jp with only two cores energized was aiso made 
by means of the electrostatic method described before. 
With two conductors only connected, the third being 
idle, the capacity of a model corresponding to the 
dimensions of a cable was 191 /XjuF, and with the three 
conductors connected the capacity was 232 /x/aF ; the 
thermal resistance of a cable under these conditions 
will be in the ratio of the reciprocals of these two values. 

If the method is applicable to such a condition the 
total power dissipated in the cable for a given tempera¬ 
ture-rise should be proportional to the capacities. 
Taking 100 to 117 as the ratio of the current as deter¬ 
mined by experiment, since three conductors are carry¬ 
ing current in the one case and two in the ofher, the 
power dissipated corresponds to (100^ x X 2), 

which is proportional to 91/100. The value obtained 
fdl: one arrangement of the electrostatic model corre¬ 
sponds to 232/191, which is proportional to 100/82; 
and the value for the other arrangement of the electro¬ 
static model corresponds to 171/136, which is propor¬ 
tional to 100/80. 

Thus there is a discrepancy of about 10 per cent 
between the two methods, and it would appear that 
the electrostatic method does not apply when two 
conductors only are carrying current. 

(10) Four-core Cables. 

In th^ «case of four-core cables in which three 
cores only are energized, the fourth carrying any 
out-of-balance current, it follows that the values will 
be ver}^ nearly the same as for three-core cables with 
each core equally loaded. It has been shown by 
comparison of the heating of a three-core cable with 
two and three cores energized, that the total power in 
the cable for a given temperature-rise is only decreased 
by 10 per cent when two cores are energized. 

Apart from the fact that the difference between two 
and three cores is greater than that between three and 
four, the basis of comparison is much more extreme, 
since in the one case the heating of three energized 
cores is compared with that of two energized cores, 
while in that now under consideration three cores are 
always energised, the only difference being the inter¬ 
position of a fourth core which normally carries little 
or no Current. Since in the extreme case mentioned 
above the difference was only 10 per cent it may be 
safely assumed that the rating for a four-core cable 
will be the same as for a three-core. ^ 

An experiment on a length of four-core 0*05 sq. in. 
660-volt armoured cable showed that when the four 
conductors were carrying current the power dissipated 
for a given temperature-rise was only 3*3 per cent 
more than when three conductor^ only were carr 3 di% 
current. This test -confirms. the conclusion reached 
that for practical purposes the current-rating of a 
four-core cable* in winch the fourth core carries the 
out-of-balance current,, is the same as that for a corre¬ 
sponding. three-core .cable. 


In the case of triple-concentric cables used on a threes 
wire system, and assuming the load fo be balanced and 
carried by the two inner’conductors, and taking the thick¬ 
nesses of the dielectric as specified iti'B.S.S.No. 7—1922, 
the current for a given temperature-rise would be 6 per 
cent less than that for the equivalent size Si concentric 
cable with two conductors only. 



double 


Fig. 14.—^Diagram of connections for three-phase loading. 

(12) Cables for Pressures above 11 000 Volts. 

It was decided that it would-be preferable to defer 
the preparation of current-loading tables for cables for 
pressures above 11 000 volts imtil the complete results of 
the dielectric-loss tests were available, and that for the 
present the tables should apply to the sizes and t 3 ^es 
of cable in general use given in British Standard Specifi¬ 
cation No. 7—1922. 

A great deal of work has been done on cables for pres¬ 
sures above 11 000 volts, but this will form the subject 
of a further report when this section is completed. 



Fig. 15.—Temperature-rise in air. of three-core O'lS'^sq. in. 
20 000-volt cable No. 22, at 200 amperes, three-phase, 
25 


(13) Comparison between Heating of Three-core 
Cables with Three-phase Current and Direct 
Current. 

In order to determine whether -^ere iu ?^ya|^j)r^iabfe 
inerease in the heating of a three-cort heated 

with three-phase altematiug current dyer,that observed 
with an equal direct cutreci^t, a series of teste has been 
made oh one.of the eablea (No, 22) as used for 20 QOO 
volts. 
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Thfc heating current was sjipphed by three^ingle-phase 
transformers, connected as shown in Fig. 14. The 
curreijt in each conductor was carefully balanced by 
means of a small amount of resistance in the primary 
circuit of each trai^former. 

A complete series of observations was. taken, as 

follows :—\ * 

• ' 

{a) With tlie cable lying on the floor with alternating 
current at a frequency of 50 cycles. 

{b) The* same conditions with alternating current at 
a frequency of 25 cycles. 

(c) With the cable supported at intervals at a height 
of 9 in. above the floor. 

The current value was in every case 200 amperes 
per conductor or per phase. 

In order to make a resistance measurement, one 
conductor was opened temporarily and a direct current 


loading, and also dispose of a criticism levelled at the 
Preliminary Report that there might be a difference 
between the heating of a cable* laid along a floor and when 
suspended in air. 

(14) GiJouped Cables laid Direct in the G^rOund. 

It will be noted that hitherto only cables laid singly have 
been dealt with. There are, of course, many cases where 
several cables are laid near each other in the same trench, 
and while the widely varying practice in this respect 
makes it difficult to formulate a general simple rule, a 
method has been developed for the predetermination of 
the mutual effect of two or more neighbouring cables. 

On Kennelly’s assumption •(see Teichmuller, " Die 
Erwtonimg der Electrischen Leitungen,*' p. 55) a 
buried cable is surrounded by a series of circular eccen¬ 
tric isothermals the depths y of the centres of which 



0 20 60 80 100 120 MjO 160 180 200 

Distance in cm from cable axis 

Fig. 16.—^Effect due to heating of a neighbouring cable in the same horizontal 
plane, at a depth below the surface of the ground of 60 cm (2 ft.). 


of approximately the same value as the alternating 
current was passed through the cable in series with a 
standard resistance. The observations in general took 
about 20 secoids and in no case more than 30 seconds, 
and the observations showed that even if the direct 
current were considerably different from the alternating 
current, this time was too short to cause any appreciable 
effect on the temperature of the cable. 

It vrin be seen from Fig. 14 that the whole change of 
connections was made with a simple change-over switch. 

Fig. 15 shows the result obtained with the cable 
supported 9 in. above the floor and loaded with a three- 
phase •alternating current of 200 .amperes per phase 
at a frequency of 25 cycles. This agrees very closely 
with the previous results on the same cable when tested 
in air with direct current in 1919, and also with the values 
now obtained with alternating current at frequencies 
of 25 cycles and 50 cycles respectively when the cable 
Is layi on the floor. The difference of maximum tem¬ 
perature-rise was in fact less than 1 degree C. fo» all 
cases, and if th!b curves were plotted- they would be 
indistinguishable from one another. 

^The results show that for cables of thi^ size (0* 15 sq. 
in.) there is no appreciable difference •due, to three-phase 


below the surface of the ground are given by the 
formula:— 

^=(5^)^.w 

and the radii / of which are given by the formula:— 

.(^ 0 ) 


where B=iM+ V(-^® - 1)3* . • • (41) 

S being the ratio of the temperature of the isothermal 
to that of the surface of the cable, and M the ratio 
of L to re, the outer radius of the cable covering. 

^These equations enable the position and the size of 
the isothermal circle for any value of the temperature 
ratio 8 to be calculated and a seridfe of curves to be 
drawn as shown in Fig. 16. These show the ratio of 
the temperature-rise to that of the surface of the cable, 
plotted for any point in a horizontal plane passing 
through the cable axis. The shape of the curve will 
vary somewhat with the size of the external diameter 
of the cable, and therefore a series of curves is required 
corresponding to various values of the cable diameten 
•The series given in Fig. 16 applies to cables with external 
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diameters ranging from 3 cm to 10 cm. The axis of 
the cable is 60 cm (2 ft.) below the surface of the ground 
in every case. 

In order to determine the mutual heating effect of 
two ortfnore cables, it is necessary to Iqjow the diameters 
of the cables under consideration and ^ 4 , the temperature 
of the outer surface, when the cable is running alone 
at any specified current, if this is not known from 
direct measurement, or where, as in the case of armoured 
cables when buried, direct measurement would be diffi¬ 
cult, the temperature of the outside can be obtained 
if the thermal constants of the cable are known, by means 
of the equation :— 




Reference to Fig. 16 will then show the value of S 
for any point in a horizontal plane passing through 
the axis erf the cable, 8 being the ratio of the temperature- 
rise fa? of iha-'t point due to diffusion of heat from the cable 
'COllap^J:ed with the temperature 4 of the outer surface 
of the cable. A second cable at this point will experi- 


For any sftch case as the ^perimental one, where the 
size of the cables and the distance apart will vary, it is 
necessary to calculate for each condition. The effebt of 
two cables laid in the same trench has, however, been 
considered and the results are givenabelow 

{a) Two cables of the same siz^ and type in the same 
horizontal plane. —If two cables of the same sizeare 







•30*5 

cm 


-30*5 

cm 



-i3*cr 

cm ! 


14-7-J 
cm I 


Fig. 17.—^Dimensions and relative positions of 
grouped cables. 


assumed to be 12 in. (30*5 cm) apart (between centres) 
the ground temperature, due to mutual influence, varies 
between 0*30 and 0* 45 of the sheath temperature accord¬ 
ing to the size of the cable (i.e. 3 to 10 cm diameter). 


Table 35. 


Tempevatuye-rise of Cables laid Direct in the Ground and Loaded Singly.* 


Cable . 

A 

B 

C 

D 

B 

Load in amps. .. . 

850 

• 150 

220 

c 220 

220 

• • 

>■ 

Temperature-rise, deg. C. when J 
runnu% alone at this load 

Type and size 

36*0 inner 
conductor 

31 • 0 outer 
conductor 
24*0 sheath 
0*2 sq. in 
concentric 

32 • 5 con¬ 
ductor 

32 • 5 con¬ 
ductor 

17 • 5 sheath 
0*1 sq. in. 
6-core 

30*5 inner 
conductor 
25* 3 outer 
conductor 
18*5 sheath 
0*1 sq. in. 
concentric, 
armoured 

44*8 

27*2 

0*1 sq. in. 
concentric, 
lead sheathed 

g7 * 2 con-” 
ductor 
12*8 sheath 
0*15 sq. in. 
3-core 


♦ The depth below the ground surface was 60 cm (2 ft.) in every case. 


ence this proportional temperature-rise 8 due to the 
first cable, in addition to that due to self-heating. 
The effect of otjuer neighbouring cables can also be calcu¬ 
lated and superposed on the first by a repetition of 
the process. If the permissible temperature-rise of 
th« cable when running alone is and tg. is that due to 
diffusion from other cables, then the permissible current 
to a first approximation must be reduced in the ratio 

V(^"). 

if the permissible temperature-rise is not to be exceeded!! 

In Tables 35 and 36 and in Fig. 17 the method i» 
its application to the case*of several cables is illustrated, 
and lie value 8f the ffemperature-iise, as observed by 
actual experiment when all the cables were running 
together, has been added for comparison. 


Taking 8 = 0-40 as an average figure (corresponding 
to a cable of 7 cm diameter); and assuming the tempera¬ 
ture-rise of the sheath to be 0* 6 of that of the conductor, 
then if the conductor is 50 degrees C. above datum 
level, the temperature of the soil at a point 1 ft. distant 
is as follows:— 

tg.z=t 0-4 X 0:6 X 50= 12 

being the temperature at a given distance from the 
cable, and in the same horizontal plane. The tempera¬ 
ture of the conductor in a second cable at that point 
would be raised to 50 -f 12 = 62® C. if 50® C. ^were 
th% temperature the conductor would assume wiih the 
first cable cold. 

In order then to Reduce the temperature-rise of this 
second c^ble to^50 degrees C., the currents must be reduced 
in the ratio -^(33/60) = 0*87. 
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Table 36. 


Temperature-rise of Cables laid Direct in the Ground as shown in' Fig. 17 and when all Cables are Loaded.'^ 


Diameter, cm 


4-5 

9-3 * 

4 

2-8 

4 



A 


0*35 


0*15 . 

. 0*12 

Proportionate temperature-rise 


B 

0*45 

— 


0*34 

0*26 

. due to* the effect of cables^ 


C 

0*19 

0*35 

— 

0-63 

0*36 

given in next column 


D 

0*14 

0*24 


— 

0*48 



E 

0*12 

0*20 

mSMM 

0*51 

— 



A 

24 sheath f 

8*4 

4*8 

3*6 

2*9 

Temperature-rise, deg. C., due to 


B 

7*9 

32*5 conductor 

7*9 

5*9 

4*5 

effect of cables given in nextJ 


C 

3*5 

6*5 


9*8 

6*6 

column 


D 

3*8 

6*5 

13*3 

44*8 

13*1 



E 

1*54 

2*5 

4*6 

6*5 

27*2 

Calculated temperature-rise, i.e. 


— 

40*7 

56*4 

61*1 

70*6 

, 54*3 

sum of abdve, deg. C. 








Temperature-rise by experiment. 


— 

39 • 1 sheath 

54*7 

68-3 

71*6 

54*1 

deg. C. 









* The depth below the ground surface was 60 cm (2 ft.) in every case. 

t In this cable only the sheath temperature was available when the cables were run together. 


Table 37. 

Ratios of Current Reduction due to the Heating of a Neighbouring Cable in the Same Horizontal Plane. Depth of 

Layings 60 cm (2 ft.). 


Cable 

Size of Cable, 
sq. in. 

Worldng 
Pressure, volts 

2^6 cm 

1 

£4 

a 


Ratio of Current Reduction 

* 

* 



Separation, 

4 in. 




A 

• 0-0225 

660 

3*8 

0*66 

0*60 

19*8 

0*78 


B 

0*0225 

11 000 

3*9 

0*65 

0-61 

19*8 

0*78 

> Mean =0*76 

C 

0*25 

11 000 

9*0 

0*57 

0*78 

22*4 

0-74 

1 

D 

0**4 1 

660 

8*9 i 

0*61 

0*77 

23*5 

0-73 

J 





Separation, 

8 in. 




A 

•0*0225 

660 

3*8 

0*66 

0*44 

14*5 

0*84 

1 

B 

0*0225 

IJ 000 

3*9 

0*65 

0-48 

15*5 

0*83 

> Mean =0*82 

C 

0*25 

11 000 

9*0 

0*57 

0*56 

16*0 

0*82 

I 

D 

0*4 

660 

8*9 

0*61 

0*56 

17*0 

0*81 

j 


A 

B 

C 

I? 


0*0225 

0-0225 

0*25 

0*4 


660 
11 000 
11 000 
660 


Separation, 12 in. 


3*8 

0-66 

0*34 

11*2 

0*88 

1 

5*9 

0-65 

0*38 

12-3 

0*87 

1 

9*0 

. 0*57 

0-44 

12*6 

0*86 

1 

8*9 

0-61 

-•- 

0-44 

13*4 

. 

0*85 

J 


»Mean == 0*86 


(6) Calculations for four different sizes of cables in the 
same horizontal plane .—Consider a 0*0225 sq.in. 660-volt, 
three-core cable; 


•2r6~ 3*82; 6= 0*34 


81 + S 2 __ 66 4- 28*6 
VoL. 61. 


93*6 

' '■ m" '■ 

142-8 


= ft-66 , (44) 


Temperature at a point 1 ft. distant 

= 0*34 X 0*66 X 50= 11*2 
Current reduction V(38 * 8/50) == 0 • 882 

And calculating other sizes of* three-c®re cables in the 
same way for distances of 4 in., 8 in. and 12 in. separation 
respectively, the results given in Table 37 are obtained. 
• 88 
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Table 38, 

Ratios of Current Reduction due to the •Heating of a Neighbouring Cable in the Same Vertical Plane. 


L cm 

' At a Position 12*7 cm (6 in.) above 

• 

I At a Position 12 • f* cm (5 in.) below 

r " - 

45-7 (1ft. 6 in.) 

• 

• 91*4 (3 ft.) 

j 45*7 (1ft. 6 in.) 

91-4 (3 ft.) '' 

re cm 

1 

4 

1 

4 

1 

4 

1 

4 

Ratio of current reduction .. 

0*87 

0*81 

0*84 

0*77 

0*86 

0*78 

0-83 

0-76 


Table 39. 

Tests of Cables in Air, together with a Comparison of Calculated Currents based upon Different Values of Emissivity, 

h = emissivity constant; K = thermal resistivity ; Ii = current for a temperature-rise of the conductor of 

60 deg. C. 


Size and Type of Cable 

Working 

Pressure 

(1) 

(2) 

(8) 

(4) 

(5) 

(6) 

h 

K 

Iiby Exp. 
K=^55Q 

It by Cal. 

& = 0-0009 

by Cal. 

A = 0-0008 

Ratio 

(4)/(3) 

0 • 1 sq. in..plain lead ,. 
0*2 sq. in. plain lead ,, 


volts 

660 
660 i 

Single-ci 

ore Cables. 

1200 
800 1 

amps. 

263 

447 

amps. 

273 

427 

amps?' 

260 

412' 

1-036 

0-965 


0 -1 sq. in^gioured .. 
0*2 sq. in. armoured .. 
0*2 sq. in. armoured (jute) 
0*5 sq. in. plain lead .. 


Concentric Cables. 


660 

— 

620 

233 

245 

236 

1*05 

660 

— 

720 

355 

385 

369 

F-08 

660 

0*00096 

870 

367 

376 

369 

1*02 

2 200 

0*00083 

1090 

561 

633 

512 ^ 

0*96^ 


Three-core Cables. 


0*026 sq. in. plain lead (old 
cable) 

0*06 sq. in. armoured .. 

0* 1 sq. in. armoured .. 

0*16 sq. in. segmental con¬ 
ductors armoured .. 

0* 16 sq. in. armoured .. 

0* 15 sq. in. armoured .. 

0* 15 sq. in. armoured .. 

0*76 sq. in. plain lead 


0* 1 sq. in. armoured .. 


Probably 

— 

1 060 

93^5 

81 

77*5 

0*87 

660 





(T 


10 000 

0*0011 

730 

142 

137 

134 

0*96 

6 000 

0*00088 

420 

195 

201 

198 

1*03 

6 600 

0*00086 

600 

251 

259 

251 ^ 

1*03 

3 300 

0*00093 

608 

266 

2S3 

245 

0*95 

11 000 

0*0010 

469 

267 

267 

261 

1*00 

20 000 

0*0009 

635 

275 

273 

266 

0*996 

660 

0*00090 

750 

826 

807 

776 

0*98 


Six-core Cable. 





20 000 

0*00080 

600 

1 172 

1 179 

174 

1*04 


Values of the same order are obtained for differeht 
types and sizes of tables, and it is probable that a factor 
of 0-76 for a pair of cables 4 in. apart, of 0*82 for a pair 
of cables % in. apart, and of 0*86 for a pair 12 in, apart 
would be sufiSciently accurate for all practical purposes.® 
(c) Calculation of mutual heating effect of two cables laicU 
in the same vertical plarfk. —^Let the axis of the first 
be laid at (Fi^. 18) and tliat of another at Pg vertically 
above it, and q cm distant. If y be the distance below 
the surface of the ground of the centre of the isothermal 


circle passing through and / its radius [see Equations 
(39) and (40)], then 

y—f==L-q 
JB — 1 q 

and we have _ , _ == 1 — 

JD -h 1 Jb 

where B has the meaning defined in Equation (41). 

But is large ii; comparison with 1, so that very 
closely ‘ 

.S=:^k)ge2Jf =log,(2X/r6) 
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whence 


log ^(2JD/g - 1) 
loge (2I-/»-a) 


If the second cable is at P 2 below Pj^ 


log, {2Llq + 1) 
loge(2£/r6) 


• . (45) 

. . (46) 


The calculation of the amount by which the current¬ 
rating must be reduced is shown in Table 38 for two 
values of *L and two values of r^, both for the case when 
the axis of tlie second cable is 12*7 cm (5 in.) above 
the first, and also when it is 12• 7 cm (5 in.) below. 

(15) Current-rating of Cables in Air. 

For the’purpose of this investigation a large number of 
different sizes and types of cable have been examined. 
Tests have been made in every case with the cables laid 
on the wood floor of a room, and since the values so 
obtained are* useful for purposes of determining the 
current-rating for cables used under these conditions, a 
comparison between the experimental and the theoretical 



Fig. 18.—Cafculation of mutual heating effect of two cables 
laid in the same vertical plane. 


values has been*made for all the cables tested. The 
tests carried out on a selected cable supported above the 
ground in free air gave, within the limits of experi¬ 
mental error, ^the same results as had been obtained 
with the same cable laid along a floor free from draughts 
(see Fig. 15). Thus the results given may be taken 
as applying equally to either case. The results are given 
in Table 39. 

The general method of calculation was the same as 
that gised for buried cables except that the term O is 
replaced by A, the resistance to the flow of heat from the 
outside surface of the cable to the surrounding air. 
If A is the emissivity expressed in watts per cm2 per 
degree of temperature-rise of the surface above the sur¬ 
rounding air, then 


A== 


1 

27rhrQ 


(47) 


It will be seen that in Table 39, results are included 
for cables ranging from 0 • 1 sq. in. single-core to 0 • 5 sq. in. 
concentric and cables for various pressures, both pte.in 
lead-covered and* armoured. 

The thermal resistivity constant K has been deter- 
n^ned for every case, and all the expeijmentSil values 
have been corrected for K = 550. ' 


The emissivity constant h has been determined in 
the majority of cases and it will be seen that its values 
range from 0*0008 to 0*001i, depending on the exact 
nature of'the surface of the cable. 

Tests made by Mr. J. F. Watson confirm these^values 
very clqsely. In* this case four lengths of cable were 
tested : (1) with each sheath in its new bright con¬ 
dition, an^ (2) with each*sheath painted a dull black. 
In the first series the mean value obtained was 
h= 0*00070 and in the second h= 0*00107. Details 
of these tests are given in Appendix VI. It is probable 
that the nature of the surface is more important than 
the colour, and from this point of view Mr. Watson’s 
values probably represent the extremes that can be 
obtained. In the case of the ^^alues given in Table 39 
the lead sheath was probably not so bright as that tested 
by Mr. Watson, and previous tests and observations 
in other directions indicate that when the sheath has 
lost its initial brightness the value is nearly the same 
as with a dull black surface. The same remaMk applies 
also to the armoured cables; in one case the value of 
0*0011 is nearly identical with Mr. Watson's valueior^ 
a dull black surface, but in others it is rather lower, 
depending probably on the nature of the black surface. 

For the purposes of calculation, the average value 
ot h= 0*0009 has been taken, and, in order to show* 
the extent of the difference due to emissivity, a further 
series of values, using h= 0*0008, is also given. 

(16) Correlation of Results with Cables in Air 
AND when Laid Direct in the Ground. 

The values of current required to produce a given 
temperature-rise with the cables in air can be connected 
with those required to produce the same temperature- 
rise when the same cables are laid direct in the ground 
or drawn into a duct. 

It can: be shown that the relation between*the two 
values of current required to produce a given tempera¬ 
ture-rise under the two conditions is 



where A == thermal resistance per cm of cable to the 
flow of heat from the surface of the 
cable to the air. 

= current for a given temperature-rise when 
the cable is in air. 

I 2 = current for the same temperature-rise when 
the cable is laid direct in*the grounder 
drawn into a duct. 

This formula enables the heating of a cable l§,id 
direct in the ground or drawn into a duct to be deduced 
from the value obtained when tested in air, and tjie cal¬ 
culated results are in fair agreement with those derived 
from experiment. As stated above, Mbwever, the emis¬ 
sivity constant h is not easy to determine accurately, 
^d it is probable that a more convenient metHbd would 
be to make a determination of the total heating of the 
conductors and the temperature gradient between the 
conductor or conductors and*the sheath by means of 
observation of the temperaturS of the lead covering. 
This also would enable the behaviour of the same 
(jable when buri^ to be deduced. 
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The factors for cables drawn into ducts vary, as will 
be seen from Table 41, from 0-935 to 0*98, a mean 
value of 0-95 nearly representing all sizes of cables. 
In the case of armoured cables laid direct in the ground, 
as woyld be expected, the values change with varjdng 
thickness of dielectric. Actual expenments op. cables 
gave the approximate values shown in Table 40 for the 


Table 40. . 

Current Ratios for Cables when in Air and laid Direct 
in the Ground at a Depth of 2 ft., ^ = 90. 


Type of Cable 

Working 

Pressure, 

volts 

^2 

h 

0 * 1 sq. in. concentric 

660 

1-22 

0 • 2 sq. in, concentric 

660 

1-21 

0-15 sq. in. three-core 

3 300 

1-13 

0-15 sq. in. three-core 

11 000 

1-09 

0-^5 sq. in. three-core 

20 000 

1-04 


same rise in temperature for each cable in air and when 
“buried direct in the ground. 

It should be understood that the correlation refers 


ratio of the currents I 2 JIX to produce a given tempera¬ 
ture-rise for this cable when in a duct is 0:93. 

The full list of the cables for whi(?h this ratio-was 
determined, including those given in the l^eliminary 
Report, is given in Table 41. 

The values given in Table 41 suggest that the main 
resistance to the flow of heat is in the layer o,t air imme¬ 
diately surrounding the cable, and that the relative 
dimensions of cable and duct and the material of the 
duct make little difference to the value of the current 
required to produce a given temperature-rise. The 
difference in the value of the ratio J 2 /I 1 between the 
armoured cable and the others, which were plain lead- 
sheathed, is probably due to the fact that the emissivity 
constant of the armoured surface was higher .than that 
of the plain lead, in consequence of which the air condi¬ 
tion value for this cable would be higher. The fact 
that the cable was larger and filled the hole in the duct 
more completely would appear to have little influence 
on the results. 

Also it seems clear that variation in the resistivity 
of the surrounding soil will have little effect on the heat¬ 
ing of a cable in a duct. 

It was decided that currentHLoading tables should 
be calculated for one cable drawn into a duct or pipe, 
the ratio l^JIi being taken as 0-95, corresponding to 
a permissible temperature-rise of 35 deg. C. 


Table 41. 


Comparison of Current Ratings for Cables in Air and drawn into Ducts. 


Size and T3?pe of Cable 

Working 

Pressure 

External 

Diameter 

h 

h 

h 

h 

0 * 1 sq. in. concentric 

volts 

in. 

amps. 

amps. 


660 


130 

133 

0-98 

0-2 sq. in. concentric 

660 


243 

252 

0-96 

0-5 sq, in. concentric 

660 

H 

370 

378 

0-98 

0 * 1 sq. in. three-core 

660 

H 

157 

162 

0-97 

0-1 sq. in. three-core .. 

Probably 

11000 

H 

162 

170 

0-95 

0 * 15 sq. in. three-core armoured .. 

11000 

H ■ 

220 

235 

0-935 


== current required to produce a given temperature-rise when the cable is in air. 

-^2 = current required to produce the same temperature-rise when the cable is drawn into a duct. 
Diameter of hole in duct = 3in. 


only to Jhe case where the cable in air is laid out either 
in free air or -along a wood floor free from draughts. 

(17) Current-rating of Cables drawn into Ducts. 

In the Preliminary Report it was shown (Table 6) tMht 
the current required to produce a given temperature- 
rise when a cable was drawn into a duct was nearly the 
same as when the same cable was tested in air, and that 
fbis applied whatever the relative sizes of cable and ducb 
A further check has been made by drawing into on§ 
of the holes in the duct shown in Fig. 20 the 11 000-volt 
cable which had previously been tested both when 
laid in air and direct in the ground. Fig. 19 shows the 
temperature-rise curves for the three conditions. The 


(18) Grouped Cables drawn into Ducts. 

Tests were made to determine the effect of running all 
the cables in the six-way duct at the same time, a.?id the 
temperature-rise on two of the cables was measured. 
The actual arrangement is shown in Fig. 20. The two 
cables measured were located in holes Nos. 1 and 6. 
Each cable was a 0-2 sq. in. concentric cable carrying 
200 amperes, the power for the length of 100 ft. being 
approximately 360 watts for each cable. Of the othe^; 
four cables in the duct. Nos. 2, 3 and 4 were dissipating 
16? watts each, and No. 5, 600 wattso Thus the total 
power in the whole duct when all the cables were 
running •was 1 800 watts per 100 ft. The curves in 
Fig. 21 show tile actual heating of the 0-2 sq. in. cables 
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both when running singly^and in a group. It will be 

noted^ that the time required to attain to the maximum 
temperature is sbmewhat longer when the cables are 
grouped, and that the temperature-rise is appreciably 
higher. 


(19) Time required for Cable.s to attain Maximum 
Temperature. 

The time required for a cable to attain its maximum 
temperature varies somewhat with the type of cable 
and the method of laying. In the Preliminary fleport 



Fig. 19.—^Temperature-rise of three-core 0T5 sq. in. 11 000-volt cable laid under 
different conditions; current = 220 amps. 


Values of*current calculated from the heating curves 
in Fig. 21 show that, as a result of grouping, the current 
must be reduced to 89 per cent of its value when only 
one cable is crying current; for a similar cable 



Fig. 20.—^Plan of stoneware duct. 


drawn into the “lower hole in the duct the value was 
90 per cent. Comparison of W:he last two values 
sdrows that there is no appreciable difJerencS between 
the upper and lower holes of the (furct. 


it was shown that cables drawn into ducts, attained 
98 per cent of their maximum temperature in 30 
hours, laid solid 92-5 per cent, and laid direct in 
the ground 91-4 per cent. These values have been 
fully checked as a result of points raised in the dis¬ 
cussion on the Preliminary Report. Taking first the 
effect of different methods of laying. Fig. 19 shows the 
curves for an 11 000-volt cable tested at the same current 
values in air, laid direct in the ground, and drawn into 
a duct. 

It will be seen that in air the cable has attained 
its maximum temperature in 10 hours, whilst when 
drawn into a duct it has reached 96*5^per cent of its 
maximum in 20 hours, and when laid direct in the ground 
92 per cent in 20 hours, the maximum teriiperature 
in the last case being attained after 5 days. It* is, 
however, most difficult to state the time for maximum 
temperature accurately, since the rise during the latter 
portion is very slight and is masked by such factors as 
fluctuation of ground temperature,*small changes of 
current and limits of error of observation. 

Fig. 22 shows the heating curves of cables for various 
‘pressures. It will be seen that generally the time re- 
•quired is about 5 days, althoi^h for the higher pressure 
cables it is somewhat shorter and for the cables as 
used for 20 000 volts probably nearer two to three 
days. The observations have been extended to cover 

period of 15 days, and during the last 9 days of each 
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run there was certainly not a rise of 1 degree C. for the ing loading Vhen regular in. character by means of 
whole of the period, which, value is nearly the limit of calculations based on the thermal time-constant of 
total error of observation when all the variable factors the cable involved. This has been Tully dealt with 
are f allen into account. in a paper by Messrs. S. W. Melsom and H. C. Booth.* 



Fig. 21.—^Temperature-rise of concentric 0*2 sq. in. 660-volt cable in stoneware duct. 


Curves marked 1; one cable only carrying current. 
Curves marked 2: six cables carrying current. 



Time, in days 

Fig. 22 .—^Temperature-rise of armoured cables, with various thicknesses of dielectric, 

laid direct in the ground. 

(20) Current-rating of Pables for Cyclical Inter- Foi^cables laid underground it is not possible to find a 
’ ^ • MiTTENT Loading. thermal time-constant and the problem becomes more 

For cables running in air it is possible to estimate complicated and do€s not lend itself so readily to 

with sufficient accuracy for practical requirements the mathematical ^treatment. The heating and coolin!^ 

^Seot-on- the current-rating of intermittent or fluctuat* * journal I . E . E ., 1923, vol. 61, p. 363.' 
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• Time, in days * Time, in days 

Fig. 25.—Concentric 0-26 sq. in! 060-volt cable in stoneware duct; Fig. 26.—Concentric 0-2 sq. in. 660-volt armoured cable laid direct in 

current = 300.amps.; type of loading 1 (Fig. 23). ground ; curreflt = 300 amps. :'type of loading 1 (Fig. 23). 
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curves of cables running in air are found to follow 
a simple exponential formula fairly closely, since the 
necessary assumption that the whole of the cable 
and covering is heated approximately simultaneously 
by th^ passage of the current is sijfficiently closely 
justified for the limits of accuracy require|J. But 
such a formula does not apply when the same cable 
is buried, owing to the essentially different conditions 
that then obtain, for when buried the cable is surrounded 
by a medium of practically infinite heat capacity thrbugh 
v^hich the heat is slowly diffused. 

Cables laid direct in the ground,—In view of the 
difficulty of predetermining values for intermittent 
loading by means of a thermal time-constant, several 
tests have been made -to determine the additional 
ciurent, if any, that could be carried by a cable when 
the loading was more in accordance with the normal 
load curves of feeder cables. 

Table 42. 


= Amperes; Temperature-rise for Con¬ 
tinuous Rating =25*5 degrees C. Type of Loading (1). 


Time in Intennittent-loading Test 

Temperature-rise 

Ratio of Currents 
for the Same 
Temperature-rise 


deg. C. 

amps. 

At end of 1st hour 

13*5 

276/200 

At end of 2nd hour 

17-0 

245/200 

At end of 3rd hour 

19-0 

230/200 

At end of 4th hour 

200 

224/200 

1 day (9-hour loading) 

23*2 

210/200 

2 days, 

23*4 

209/200 

3 days .. .. •« 

23*5 

208/200 

4 days 

23*6 

208/200 


Four types of loading were dealt with :— 

(1) 4 hours at full load. 

1 hour at \ load. 

4 hours at full load. 

Off for the remainder of the day (corresponding 
to the loading of a power cable working for a 
normal 8-hour day). 

(2) 2 hours full load. • 

1 hour at \ load. 

2 fiours at full load. 

Remainder of day at | load (typical of a combined 
lighting and power load). 

(3) The cables carrying J load continuously wi'yi 

peaks to full load of 1, 2, 4 and 8 hours' dura¬ 
tion respectively, (To ascertain the extent, if 
any, by which a cable could be overloaded for 
short periods.) 

(4) The same as (3) but carrying 75 per cent of its' 

normal load contmuously. 

In all cases the temperature-rise under the inter¬ 
mittent loading is compared with that attained when 
the maximum load is maintained continuously. For 


the purpose •of this comparison it was necessary to 
correct the values of the varying thermal resistivity 
of the soil, and it was more convenient to correct .the 
figures for continuous running than those for the inter¬ 
mittent loads. Thus, although the two sets of values 
for a particular cable are strictly comparable, they cannot 
necessarily be compared one cabie with another. 

(а) Type of loading (1) : 

A 0*15 sq. in. three-core cable as used for 20 000 
volts, armoured, laid direct in the ground, ]^^aximum 
current = 200 amperes. 

The temperature-rise of this cable during the first 
4 hours and at the end of the first day, together with 
the current that could be carried if the cable were 
used only for periods of from 1 to 4 hours and for one 
day upwards, are given in Table 42. The complete 
heating curve is shown in Fig. 23, curve C representing 
tlie continuous running condition, and I the intermittent, 
and the final temperature is given in Table 43.r 

Three other cables, 0*2 sq. in. 660-volt concentric, 
laid under different conditions were tested under the 
same conditions of loading. The results are sum¬ 
marized in Table 43, and are shown in Figs. 24, 25 
and 26, ^. 

In the curves the actual rate of heating is plotted 
for the first three days, and after that the upper, inter¬ 
mediate and lower points are shown, joined by a line. 
The upper curve in each case represepts the rise of 
temperature when the cable is loaded continuously. 

Referring to Table 42, at the end of^the first hour 
the temperature-rise was 1^*5 degrees C., sQid if this 
cable were run for 1-hour periods only with a long interval 
between the loads, the current for the same tempera¬ 
ture-rise as under continuous loading conditionT could 
be increased in the ratio of 275/200. After one day 
with this type of loading the ratio of*" currents w0.s 
210/200, and at the end of five days 208/200. Thus 
the permissible increase for a normal week's working 
under these conditions would be only 4 per cent. 

Table 43 shows, as would be exptjcted, that the 
greatest possible overload applies to the 660-volt cable 
buried direct in the ground. Here the increase is about 
10 per cent, but for the other cables it h only of the 
order of 3 per cent. 

(б) Type of loading (2) : 

For this t 5 q>e of loading the results of the tests on 
the 660-volt cables are shown in Figs. 27, 28 and 29 and 
on the cable as used for 20 000 volts in Fig. 30. The 
results of the tests on all the cables are given in Table 44, 

{c) Type of loading (3) : 

This test has been made only with the cable as^used 
for 20 000 volts, the temperature-rise being shorm in 
Table 45 and in Fig. 31. 

{d) Type of loading (4) : 

The results of tests on a cable as used for 20 000 volts 
are given in Table 46, and are shown in Fig. 32. 

In general, the possible increases of current are not 
large, although it should be noted that in the case of ^ 
intejcmittent loading the maximum temperature is main¬ 
tained for a short time only, and it is pocsible^that larger 
currents could be carried for short periods. 

The results obtained so far do not justify a recom¬ 
mendation for an .isicrease in the permissible current 
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Table 43. 


Type of Loading (1). 


Description of Cable and Laying 

Temperature-rise after 5^ Days’ 
Running 

Ratio of Currents 
for the Same 
Temperature-rise 

Continuous 

Intermittent 


deg. C. 

deg. C. 

amps. 

0*2 sq. in concentric, 660-volt, armoured and 
laid direct in ground 

32*5 

26*6 

330/300 

0*2 sq. in. concentric, 660-volt, lead-covered 
and drawn into a duct 

47*2 

44*4 

309/300 

0*2 sq. in. concentric, 660-volt, lead-covered 
and laid in bitumen 

32-4 

30*4 

309/300 

0 • 15 sq. in. three-core as used for 20 000 volts, 
armoured, laid direct in ground 

25-6 

23*7 

207/200 


Table 44. 


Type of Loading (2). 


Description of Cable and Laying 

Temperature-rise after Days’ 
Rimning 

Ratio of Currents 
for the Same 
Temperature-rise 

Continuous 

1 

Intermittent 


deg. C. 

deg. C. 

amps. 

0*2 sq. in. concentric, 660-volt, armoured 
and laid direct in ground 

32*5 

27*5 

327/300 

0*2 sq. in. concentric, 660-volt, lead-covered 
and drawn into a duct 

47*2 

44*8 

308/300 

0*2 sq. in, concentric, 660-volt, lead-covered 
and laid in bitumen 

32*4 

30*1 

310/300 

0* 15 sq. in. tliree-core as used for 20 000 volts, 
Armoured and laid direct in ground 

27*6 

22*8 

242/220 


Table 45. 


Current = 220 Amperes; Temperature-vise for Con¬ 
tinuous Running^ 27*4 deg. C. Type of Loading (3). 


• Hours 

Temperature-rise 

Ratio of Currents 


deg. C. 

amps. 

1 

18*9 

265/220 

2 

21-7 

248/220 

3 

23*1 

240/220 

4 

24*3 

234/220 

5 

24-7 

231/220 

6 

24-8 

231/220 

7 

24*9 

230/220 

8 

25*0 

230/220 


Table 46. 


Current = 220 Amperes; Temperature-rise for Con¬ 
tinuous Rvmning^ 27*4 deg. C. Type of Loading (4). 


Hours 

Temperature-rise 

Ratio of Ciirrents 


deg. C. 

amps. 

1 

22*8 

240/220 

2 

24*5 

232/220 

3 

25*4 

228/220 

4 

25-8 

226/220 

5 

26-2 

• 

225/220 

6 

26*6 

223/220 

7 

26*9 

222/220 

8 

27*0 

221/220 
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Time, in days Time, in days 

Fig. 29.—^Concentric 0*2 sq. in. 660-volt armoured cable laid solid in Fig. 30.—Three-core 0*15 sq. in..""20 000-volt armoured cable laid 

bitumen ; current = 300 amps.; type of loading 2 (Fig. 27). direct in ground ; current = 220 amps. 
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Fig. 31. —^Three-core 0-15 sq. in. 20 000-volt armoured cable laid direct in ground; 
■» current = 220 amps. 
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loading for the conditions that have been investigated. 
Further tests are being made with a type of loading 
more nearly approximating to that on a^ traction 
circuit. 

(21) Current-rating of Cables f(?r Emergency 
Loading. 

A feeder operating at less than full load continuously 
will carry more than the normal permissible maximum 
current for a short time without exceeding the speafied 
temperature-rise. In the case of large cables the 
increment is very considerable if the cable has been 
previously operating on three-quarters of the normal 
maximum load or less. A time/temperature-rise curve 
for the cable laid in tine specified manner, between 
the limits 0 and 50 degrees C. ultimate, called the 
'' characteristic,’* is all that is required to obtain the 
permissible emergency load after any known previous 
steady condition. 

Taldng the simplest case, as when the cable has not 
been carrying any load previously, the permissible 
emergency current is deduced by setting off the emer¬ 
gency time on the characteristic ” starting from 
zero ; then the square root of the ratio that 50 bears 
to the temperature-rise reached in the short time 

Table 47. 

Comparison between the Values of Actual Temperature'- 
rise and those deduced from the Simple Exponential 
Law, 


Percentage of Maximum 
Continuous t)urftnt 

Final Temperature-rise 
by Formula (38) 

Approximate Rise 
by Square Law 

per cent 

deg. C. 

deg. C. 


10*85 

12*5 

75 

25*8 

28*1 

100 

50*0 

50*0 


selected gives the multiplier for that time to apply 
to the continuous permissible current. Thus, if on 
the characteristic ” the temperature-rise after one 
hour is 25 degrees C., the multiplying factor is 1*414, 
which means that that particular cable laid in that 
manner will carry, starting from cold, for one hour 
41*4 per cent more current than the maximum con¬ 
tinuous rating, without exceeding the maximum per¬ 
missible temperSture-rise. 

If the ©able has previously been carrying load con¬ 
tinuously, the relative temperature-rise for this load 
>-is calculable from Formula (38), and this rise is taken 
as the starting point on the ’’ characteristic.” The 
emergency .time is then set off from this point, anS 
the total temperature-rise from zero read off and treated 
as before, thus giving the multiplying factor for that 
time undef those conditions. 

Owing to the cumulative heating effect of the tem¬ 
perature coefficient of copper, the final temperature- 
rise due to continuous loading is of course jiot strictly 
proportional to iShe squaflre of the current: the com¬ 
parative values for a maximum temperature-rise of 
50 degrees C. are given in Table 47. 


The valued given in Tabler47 of course assume that 
the thermal resistance outwards from the conductor is 
constant throughout. 

Tests have been made at the National Physical 
Laboratory on a 0*15 sq. in., threescore, lead-covered 
and armoured cable, and at Neyrcastle-upon-Tyne on 
a 4*35 sq'. in. similar cable, in each case laid direct 
in the ground at a depth of 2 feet, on type of loading (3) 
referred to in the previous section. 



Fig. 33.—Characteristic curve of three-core 0*35 sq. in. 
20 000-volt lead-covered and armoured cable laid direct 
in the ground ; ultimate temperature-rise = 50 degrees C. 


The Newcastle tests took the following form:— 

(a) A full-load ” characteristic ” to give a final 
temperature-rise of 50 degrees C. in 72 hours.'^ This 
curve is shown in Fig. 33, and on it are marked the 

Table 48. 

Multiplying Factors to obtain Emergency Current from 
Maximum Permissible Continuous iRating: Three- 
core, Lead-covered and Armoured Cable as used for 
20 000 Volts, laid Direct in the Ground, 


Size of Cable .. 

O’15 sq. in. 


0*35 sq. in. 


Previous Proper- 


Three- 

quarter 


Half 

Three- 

quarter 

tion of Full 
Load 

Half 

None 

Method 

(a) 

Method 

(&) 

Emergency 
Time, hours 

1 

1*205 

1*097 

1*74 

1*48 

1*46 

1/28 

2 

1*125 

1*057 

1*40 

1*32 

1*316 

1*225 

3 

1*09 

1*04 

1*285 

1*254 

1*252 

1*187 

4 

1*06 

1*03 

1*22 

1*20 

1*22 

1*162 


corresponding points 10*85 degrees C. for J norjnal 
andt26*0 degrees C. for f normal load respectively. 
From these points 1, 2, 3 and 4 hours ^ere set off and 
the corresponding tot^l temperature-rises read. These 
give the Uiultigjying factors to apply to the normal 
maximum continuous? current. 
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(2^ After running at a known load till sjteady, it was 
doubled ^nd the total riSes read at the end of each 
hour^ These giye multipliers obtained entirely by test 
which correspond closely to those calculated for the 
J-load condition in (a), 

{c) After running at J load till steady, the 1-hOur 
emergency overload (hamely, 1 • 48 times the maximum 
continuous rating) was applied for exactly one hour, 
and the total temperature-rise checked out at exactly 
50 degrees C. 

The valu^ given in Table 48 show that two 
cables similar in every way except size have very 
widely different emergency factors. The ratio of 
capacity for heat (which depends on the area of the 
complete cable) to radiating surface (which depends 
on circumference) of course increases largely as the 
diameter increases, so that the larger cable has naturally 
a much greater emergency factor. 

The* thennal time-constant also depends on the 
specific heat of the materials, the dielectric having a 
specific heat at least three times that of copper, so 
that high-voltage cables exhibit a somewhat different 
characteristic from, low-voltage ones. Owing to the 
many variables involved, a characteristic should 
be taken for each case on which accurate inforniation 
is sought. 

(22) Work Still Outstanding, 

Whilst, as will be seen from the report, large sections 
of the programme have been completed, there are 
necessarily certain portions of the investigation which 
are not yet finished. These are :— 

(a) Cables for pressures above 11 000 volts: 

A l«,rge amount of work has already been done, but 
in view of the fact that the determination of the 
dielectric los'Ses is not yet completed, it was decided 
to defer fhe issue of current-loading tables for such 
cables until all the information is available. 


(&) Safe maximum temperature : 

It has not been possible to make much progress 
with this section, and therefore it was decided to adopt 
a maximum temperature for cables for pressures of 
11 000 volts and under, which was known to be safe. 
(c) TThree-core cables with segmental conductors: 

It is appreciated that these cables are largely used. 
The detej-mination of thtS rating depends, however, on 
the size of the cable and the shape of the segmental 
conductors. There are no standard dimensions for 
such cables, and until these are forthcoming it is only 
possible to give results based on assumed dimensions. 
{d) Grouping of cables in ducts: 

Further work is required to ascertain the effect of 
running a large number of cables in a multi-way duct. 
(e) Cables laid on the solid system : 

A number of determinations have been made of the 
thermal resistivity of the compounds used for filling the 
troughing. The values obtained vary IsJrgely, and 
further investigation is required before cumnt-loading 
tables can be issued. 
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ADDENDUM TO THE REPORT. 

{Received Sth May, 1923.) 


It is now understood that the values quoted on 
page 541 as having been suggested by various American 
investigators for the maximum permissible tempera¬ 
ture for paper-insulated cables do not necessarily 
ref^r to continuous loading conditions. Mr. Torchio 
has pointed out that the figures he suggested refer to 
a recommendation that the old double, or over¬ 
load^ rating should be again established in the rating 


of electrical machinery and cables, and for this over¬ 
load condition the limit of 105° C. to 110° C. was 
suggested with the proviso that the overload should 
not exceed 2 hours in duration, with a total duration 
of less than 10 per cent of the total hours in the 
year. For continuous rating a temperature of from 
85° C. to 90° C. was considered to be the"*maximum 
safe, limit. 


[The Appendixes to the Report will be found on pages 562-579.] 
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APPENDIX I. 

Table 49. 

•> 

Particulars of the Paper-insulated, Lead-covered Cables employed in the Investigation, 


Sectional Area 


0*025 0*029 

0*05 0*048 


19 0*15 

20 0*15 

21 0*15 
22 0*15 


27 0*25 

28 0*16 

29 0*15 


Type of Cable 


Working Approx. 

Pressure Length 


Single-core Cables, 


Concentric Cables. 


Three-core Cables. 


3-Core 


3-Core 

3-Core (segmental conductors) 

3-Core (segmental conductors) 
3-Core (segmental conductors) 
3-Core 
3-Core 


0*147 3-Core 
0 * 145 3-Core 
0*144 3-Core 
0 * 145 3-Core 


Nos. 23 to 26 are f 6-Core 


3-phase split- 
conductor 
cables, each 
0*2 sq. in. sect, 
area per phase 


6-Core 
Twin 1 

split J 

Oval 1 

concentric J 


0*260 3-Core 
0*148 3-Core 
0*148 3-Core 



Dates of 
Manu- 


sq. in. 


volts 

feet 

0*094 

Single-core 

660 

110 

0*196 

Single-core 

660 

110 


0*108 

Concentric 

660 

110 

0*099 

Concentric 

660 

110 

0*100 

Concentric 

660 

230 

0*192 

Concentric 

660 

110 

0*196 

Concentric 

660 

120 

0*197 

Concentric (jute insulated) 

660 

110 

0*205 

Concentric 

660 

110 

0*480 

Concentric 

660 

! 110 


No 

(Jute covered) 
Yes 
No 


In Air 

In 

Ground 

facture 

(approx.) 

Yes 

Yes 

1916 

Yes 

Yes 

1916 


r 


Yes 

Yes 

1916 

Yes 

Yes 

1916 

Y^s 

Yes 

Old* 

Yes 

Yes 

1916 

Yes 

Yes 

1918 

Yes 

Yes 

Old* 

Yes 

Yes 

1916 

Yes 

Yes 

1916 


660 

30 

11000 

51 

6 600 

99 

660 

114 

6 600 

30 

6 600 

30 

20 000 

50 

20 000 

50 

20 000 

50 

20 000 

50 

20 000 

50 

20 000 

50 

20 000 

66 

20 000 

84 

3 300 

30 

20 000 

72 

•iiooo 

30 

3 300 

116 

11 000 

110 


Yes 

No 

Old 

Yes 

No 

1916 

Yes 

Yes 

Old* 

Yes 

Y^b 

Old* 

Yes 

r 

No 

Old* 

Yes 

No 

1916 

Yes 

No 

1919 

Yes 

No 

1919 

Yes" 

No 

1919 

Yes 

No"’ 

1919 

Yes 

No 

1919 

Yes 

No 

1919 

Yes 

No 

1919 

Yes 

No 

1919 

Yes 

No 

1919 

Yes 

No 

im 

Yes 

No 

1916 

Yes 

Yes 

1921 

Yes 

Yes 

1921 


♦ Date of manufacture unknown, Tint prior to 1916. 
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Table 50. 


Dime'^ions of Cables, 


(1) • 

(2) 

(3) 

(4) 

• (6) j 

(6) 

(7) 

No. 

Diameter over Lead 

Thickness of Lead 

• 

Thickness of Dielectric 

Between Conductors 

Between Conductor 
and Lead 

Inner Didectric 

Outer Dielectric 


Single-core Cables, 


in. 

cm 

in. , 

cm 

in. 

cm 

in. 

cm 

in. 

cm 

in. 

0-75 

1*90 

0*08 

0*20 

0-08 

0-2 

— 

— 

— 

— 

— 

?).95 

2*41 

0*10 

0*25 

0*09 

0*24 


— 

— 

— 

— 


Concentric Cables, 


3 

1*14 

2*89 

0*13 

0*33 

0*08 

0*2 

0*08 

0*2 

—' 

— 

— 

4 

1*15 

2^92 

0*09 

0*23 

0*07 

0*18 

0*08 

0*2 

— 

— 

— 

5 

1*13 

2*87 

0*13 

0*33 

0*12 

0*3 

0*10 

0*26 

— 

— 

— 

6 

1*37 

3*48 

0*11 

0*27 

0*14 

0*35 

0*08 

0*20 

— 

— 

— 

7 

1*^5 

3*42 

0*09 

0*24 

0*12 

0*3 

0*09 

0*24 

— 

— 

— 

8 

1*38 

3*60 

0*08 

0*20 

0*10 

0*25 

0*09 

0*22 

— • 

— 

— 

9 

1*30 

3-30 

0-10 

0*25 

0*07 

0*18 

0*09 

0*24 

— 

— 

— 

10 

, 1*^5 

3*42 

0*09 

0*24 

0*16 

0*4 

0*16 

0*4 

— 

— 

— 


% 


Three-core Cables, 


11, 

0*43 

2*20 

0*06 

0*15 

— 

— 

— 

— 

0*06 

0*16 

0-^6^ 

0*16 

12 

0*90 

2*29 

0*05 

0*13 

— 

— 

— 

— 

0*31 

0*8 

0*31 

0-8 

, 13 

2^23 

5*66 

0*11 

0*28 

_ 

— 

— 

— 

0*25 

0-65 

0*40 

1-0 

14 

^1*23 

3*12 

0*10 

0*25 

— 

— 

— 

— 

0*10 

0*25 

0-10 

0*25 

15 

1*69 

4*30 

0*14 

0*35 

____ 

_ 

_ 

_ 

0*24 

0*6 

0*24. 

0*6 

16 

1*84 

4*60 

0*10 

0*25 

— 

— 

— 

— 

0*24 

0*6 

0-24 

0*6 

17 

2*56 

6*50 

0*11 

0*28 

— 

— i 

— 

— 

0*37 

0*95 

0*31 

0*8 

18 

2*60 

.6-60 

0*12 

0*30 

— 

— 

— 

— 

0*40 

1*0 

0*28 

0*7 

19 

2-52 

6*40 

0*16 

0*40 

__ 

1 _ 

— 

— 

0*35 

0*9 

0*31 

0*8 

20 

2*48 

6*30 

•0*16 

0*40 

— 

— 

— 

— 

0*35 

0*9 

0*28 

0-7 

21 

2*50 

6*36 

0*16 

0*40 

— 

1 — 

— 

— 

0*37 

0*95 

0*35 

0*9 

22 

2*40 

6*08 

0*12 

0*30 

— 

— 

— 

— 

0*35 

0*9 

0-31 

0-8 

^3 

3*19 

8*10 

0*14 

0*35 


_ 

— 

— 

0*43 

1-1 

^0*40 

1-0 

24 

3*06 

7*76 

0*11 

0*28 

— 

— 


— 

0*40 

1*6 

0-40 

1-0 

25 

1*83 

4*64 

0*13 

0*32 

— 

— 

— 

— 

0*16 

0*4 

0*16 ‘ 

0*4 


3*07 

7*80 

0*16 

0*40 

0*12 

0*3 

— 

— 

0*40 

1-0 

0-40 

1-Q 

27 

1*95 

4*96 

0*11 

0*28 

— 

—♦ 

' 

— 

0*20 

0*5 

0*20 

0*5 

28 

1*79 

4*54 

0*13 

0*32 

— 

— 


— 

0*125 

0*3 

0-17 

0*4 

29 

2*11 

6*36 

0*14 

0*36 


1 

— 


0*275 

0*7 

0*20 

0*5 
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Table 51. 

Particulars of Cables tested fn Air laid along the Wood Floor of a Room. 


■•(1) 

(2) 

(3) 

(4) 

(5) 


(6) 


Cable 

No. 

Sectional Area 

Type of Cable 

1 

Working 

Armoured 

Current for a Rise of 

Nominal 

Actual 

Pressure 

50 d€g. F. (27-8 deg. C.)* 

1 

sq. in. 

0-1 

sq. in. 

0-094 

Single-core Cables. 

Single-core 

volts 

660 

No 

amps. 

amps. 

190 

amps. 

2 

0^2 

0-196 

Single-core 

660 

No 

— 

304 

— 


Concentric Cables. 


^3 , 

0-1 

0*108 

Concentric 

660 

Yes 

180 

_ 

195 

4 

0-1 

0-099 

Concentric 

660 

No 

159 

— 

167 

5 

0*1 

0-100 

Concentric 

660 

No 

161 

— 

177 

6 

0-2 

0*192 

Concentric 

660 

No 

245 

— 

258 

7 

0-2 

0-196 

Concentric 

660 

No 

243 


265 

8 

0-2 

0-197 

Concentric (jute insulated) 

660 

(Jute covered) 

265 

— 

295 

9 

0*2 

0-205 

Concentric 

660 

Yes 

268 

—L 

288 

10 

0*5 

0-480 

Concentric 

660 

No 

404 

i 

460 


Three-core Cables. 


11 

0-025 

0-029 

3-Core 

660 

No 

- 

66 

r _ 

12 

0-05 

0-048 

3-Core (segmental conductors) 

11000 

Yes 

_ 

100 

— 

13 

0-1 

0-105 

3-Core 

6 600 

No 

_ 

143 

-< 

14 

6-1 

0-100 

3-Core (segmental conductors) 

660 

No 

— 

156 

— 

15 

0-1 

0-101 

3-Core (segmental conductors) 

6 600 

Yes 

- 

158 

■ 

16 

0-15 

0-150 

3-Core (segmental conductors) 

6 600 

Yes 

— ‘ 

195 

— 

17 

0-15 

0-145 

3-Core 

20 000 

Yes 

_ 

208 

— 

18 

0-15 

0-145 

3-Core 

20 000 

Yes 

— 

204 

— 

19 

0-15 

0-147 

3-Core 

20 000 

Yes 

_ 

219 


20 

0-15 

0-145 

3-Core 

20 000 

Yes 

_ 

208 

_ 

21 

0-15 

0-144 

3-Core 

20 000 

Yes 

_ 

208 

— 

22 

0-15 

0-145 

3-Core 

20 000 

Yes 

— 

195 

— 

23 

0-2 ' 

* 0-120 

rNos. 23 to 26 are S-phase"^ 6-Core 

20 000 

Yes 


284 


24 

g-2 

0-116 

J split-conductor cables, 1 6-Core 

20 000 

Yes 

— 

264 


25 

0-2 

0-208 

I each 0-2 sq. in. sect, fTwin split 

3 300 

Yes 

— 

219 

— 

26 

0-2 

0-200 

L area per phase J Oval concentric 

20 000 

Yes 

258 

— 

-§70 

27 

0-25 

0-250 

3-Core 

11000 

Yes 


255 

_ 

28 

0-15 

0^149 

3-Core 

3 300 

Yes 

_ 

194 

_ 

29 

0-15 

0-148 

3-Core 

11000 

Yes 

—■ 

211 

— 


* In the case of concentric cables, the values are given separately for inner and outer conductors; with three-core cables the values 
are the mean for the three conductors. 
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APPENDIX II. 
1 


Examination of Mie's Formulae by 
]\Ir. S. Butterworth. 


In the general i:ase of Mie’s formulae there are n 
conductors ea^^h of radius r, the centres of which are 
situated a1? equidistant points on the circumference# of 
a circle of radius a. 

The sheath of radius r 4 is concentric with the circle a. 

If K is*the thermal resistivity of the material between 
the conductors and sheath, L the length of the cables, 
and W the thermal resistance, then the first formula 
given by Mie is 


W ^ 


2nnL 


los, + VKl - ^ (I - 

a — p 


(a + r)^ 
^4 


in wliich a = • ^ ■■ and ^ -X 

^ n (« -1“ nr) 

The second formula is deduced from (47) upon the 
assumption that the quantity— 

1 +y[{l ~ a2) (1 - ^2)] 

is never very different from 2, and may be written 


jxr ^ ^4 

27TnL ® Ti 


in which 


= (a + r)n 


4a 


nr 


+ nr 


(60) 


(51) 


Formula (50) is identical with that for a cable having 
a single conductor concentric with the sheath in which 
ri is the radius of the conductor, so that r^ is the 
equivalent of the single conductor wliich would replace 
the n conducfers and give the same thermal resistance 
between conductor and sheath. 

Mie gives the values shown in Table 52 to indicate 
the agreement of Formulae (49) and (50). 


= value of thermal resistance by Formula (49). 
= value of thermal resistance by Formula (50). 

= 1 — + a/[(1 — ofi) (1 — and is equal to 

2 when (49) and (50) are in pxact agreement. 


Table 52. 


of 

Conductors, n 

a 

« + r 

*•4 

z 

Wb 

Wa 


2*15 

0*85 

1*78 

1*18 

2 

2*15 

0*80 

1*84 

1*09 

3 

2-00 

0*86 

1*91 

1*06 

3 

2*00 

0*80 

1*93 

1*04 

4 

1*85 

0*85 

1*94 

1*03 

•4 

1*85 

« 

0*80 

1*96 

1*01 


Limitations of formula ,—In the method adopted by 
fide, the inner isothermal for which jPorInula (49) holds 
VOL. 61. 


•» , 
is not coincident with the surfaces of the separate 

conductors, but in the case shown in Fig. 34 consists 
of the wavy dotted curve shown in the figure, and in 
the case of a three-core cable may adopt one or other 
of the forms shown in Fig. 35 according to the relative 
dimensions of conductors and sheath. 

Since the isothermal for which Formula (49) is exact 
always envelops the conductors, the results given "by 
(49) will always be too low. Mie states that when 
the Conditions approximate to that of Fig. 35a, the 
error , tends to vanish because the isothermal is practi- 



Fig. 34.—Isothermal lines in six-core cable. 

cally coincident with the conductors. Also, when the 
conductors approach the sheath and have relatively 
large radii as in Fig. 35d, the error is again small 
because the lines of heat-flow are practically confined 
to the region where thq isothermal and conductor 
surfaces are coincident. 

By a consideration of the portions of the lines of 
heat-flow which lie within the isothermal, Mie estimates 



Fig. 35.—Isothermal lines in three-core cafee. 


the maximum error of Formula (49) to be of the order 
of 5 per cent in the case of a three-core cable. 

It follows, from Table 52, in whi< 5 h Formula (50) is 
compared with Formula (49), that the error in - 
Formula (50) is less than that indicated by the ratio— 
•Tf as is itself less than the true thermal 

resistance, while the ratio WsJWj^ is greater than 
unity. 

There appears to be no reason to doubt the validity 
of Formula (50) as applied to cables having three or 
more conductors, if an inaccuracy of 10 per cent is 

39 
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permissible in the results. The inaccuracy of the 
formula is probably not more than 5 per cent. 


APPENDIX III. 

Experimental Determination of Thermal Resist¬ 
ance BY means of an Electrostatic A&alogy. 

Thermal resistivity of multi-core cables. 

The analogy may be stated in the form:— 

xk 

4 (Capacity) — —-;-:- . (52) 

Thermal resistance ^ ' 

where K = thermal resistivity, and 

A = specific inductive capacity. 

If, therefore, a suitable length of metal tube be taken 
of a size jDorresponding to the cable sheath, and three 
or more ^milar tubes be mounted inside, but electrically 
insulated from it, in positions corresponding to those of 
the conductors of a multi-core cable, the apparatus 
‘ forms ^ condenser, the capacity of which can be readily 
determined. By the aid of the relation given above, it 
then becomes possible to deduce the thermal resistance 
jof the apparatus. 

Three cases were tested with the electrostatic model, 
roughly corresponding to^ the following three-core 
cables:— 


so obtained* were then compared with those obtained 
by use of each of the formulfe for the ratio derived from 
Russell's and Mie's formulae respectiviely. 

The capacity per unit length of two coaxial cylinders 
of radii r and 7*4 is 

. . ...(53) 

2 log, (r 4 /r) 

where A = specific inductive capacity. 

Table 54. 

Dimensions of Three-core 0*15 sq, in. Cables, 


Dimensions of three 3-core 0*16 sq. in. Cables 


Working 

Pressure 


Actual 



Relative 



a 

r 

f4 

a 

r 

r 

u 

volts 

20 000 

cm 

1*33 

cm 

0*65 

cm 

2*76 

0*48 

0*236 

1*00 

11000 

1*15 

0*65 

2*325 

0*495 

0*280 

1*00 

3 300 

0*90 

0*65 

1*95 

0*463 

r 

0*334 

1*00 


The capacity of three tubes of radius r placed sym¬ 
metrically at a distance a from the axis of the sur¬ 
rounding tube is, according to Russell? 


(1) A cable as used for 20 000 volts. 

(2) An 11 000-volt cable. 

(3) A 3 300-volt cable. 

If a = dilfcance of the centres of the '' conductors " 
from the axis, 

r = radius of the conductors," and 
7*4 iifner radius of the containing tube, 
then the dimensions actual and relative are as given 
in Table 53. 


3A 

21oge[(r6->a6)/(3r3a2r)] ‘ 


(54) 


Therefore the ratio of the capacities according to 
Russell, is 


= 


Capacity with 3 eccentric tubes 
Capacity with 1 coaxial tubp 
_ 3 log, {rjjr) 

~ [(’•4 - o®)/3r8o2r] 


(56) 


Table 53. 


According to Me, the capacity of three eccentric tubes is 


Dimensions of Electrostatic Model. 


Dimensions, of Electrostatic Model 


Case 

Actual 

Relative 

• 

a 1 

• ^ 

u 

a 

r 




cm 

cm 




1 

2*12 

0*73 

3*64 

0*58 

0*20 

1*00 

S 

2*04 

0*96 

3*64 

0*56 

0*263 

1*00 

3 

1*695 

1*28 

3*64 

0*46 

0*351 

1*00 


The actual and relative dimensions of the cables 
referred ix> above are given in Table 54 . 

In the capacity tests on the electrostatic models th» 
ratio of the capacity of the three tubes to the outside 
tube, to that of one of th*e three tubes placed coaxially 
to the outside tiibe, was determined and not the absolute 
values, which would have necessitated difficult and 
uncertain corrections for the end effects. The valueg. 


_3A_^_ 

2 log, [{(1 - ap) + V(1 - a2)(l - i32)}/^a - )S)] 

(o + rS) ' (a — 3r) 

where a =- and p = - — ——( a 

r* (o H- 3r) 

and therefore gjf, the ratio of the capacities according 
to Me is 

Capacity with 3 eccentric tubes 
Capacity with 1 coaxial tube 

_^ 

log,[{(l-a^ + V(l-a2)(l-i32)}/(a-i8)] ’ 

In Table 55 the following ratios are given for the 
three cases of the electrostatic model considered:— 

(а) The ratio of the capacities of one inner to that of 

three inner tubes by experimental determina-^ 
^ tion, q, 

(б) The ratio of the same capacitiec determined by 

the Russell formula, 

(c) Th» ratio of the same capacities determined l^y 
the Mie f^rjuula, 
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Tlie thermal resistances are proportional to the 
reciprocals of the capacities of cables of similar dimen¬ 
sion^ ; thus th^ ratios of the thermal resistances will 
be the inverse of the ratios of the capacities given 

Table 65. 


Comparison of Ratios determined experimentally and by 
Russeirs and by Mie*s Formulce. 


Case 

• 

q 

Qr 


Error of qji and referred 

to q 





9J2 

Qm 

1 

3*356 

3*107 

3*576 

per cent 

- 7*6 

per cent 

-{- 6*7 

2 

3*465 

2*925 

3*775 

- 15*7 

9*0 

3 . 

2*976 

9 

2*11 

1 

3*335 

29*0 

4- 12*1 


above, and the errors will be of opposite sign and must 
be corrected for numerical value, e.g. minus 29 becoming 
plus 41 per cent. ^ 

In the calculation of thermal resistivity K from a 
determined value of thermal resistance, the relation 
assuming RusselFs formula is 


_ - h) _ 

logg [(r® — a^)/*6r^a^r] 


( 58 ) 


where ti and «2 a^e the temperatures of conductor and 
sheath respectively, and, since the modulus of this 
expression is usually too great, the value of thermal 
resistivity determined by means of it is too small, 
"•Hence, "talang a cable having an actual thermal 
resistivity of 600, the values deduced by the two 
formulae would be those given in Table 66. 


and for such cases Mie"s formula with its smaller error 
was preferred. 

Effect of the lay on the capacity of the electro- 
static model. —It was suggested by Dr. A. Russell that 
the lay of the^ conductors of the cable mig^jt have 
some effect on the thermal resistance, and an experi¬ 
mental determination of the effect of the lay was 
therefore, made with the electrostatic model. Its 
capacity was measured with three 1-46-cm diameter 

cohductors'' placed at 1’9 cm distance from the 



Fig. 36. —Thermal resistance of three-core cable with circular 
conductors. Error in Russell’s formula expressed as a 
function of the ratio of the radius of the conductor to 
the inner radius of the lead sheath. 

axis, and the values for two " conductors for the 
following cases are given in Table 67 : 


Table 66 . 


Comparison of Thermal Resistivities of Three-core Cables. 

9 


Working Pressure 

20 000 V 

11 000 v 

3 300 V 

Method 

Model (1) 

Model (2) 

Model (3) 

experiment .. 

600 

500 

600 

By Russell .. 

464 

432 

388 

By Mie 

633 

555 

570 

• 





Russell’s formula is the more convenient and, if the 
correcting factor be known and applied, values obtained 
by means of it can be regarded as having a satisfactory 
degree of accuracy for the higher-pressure cables. In 
view ol its greater simplicity its use was preferred in 
these case^. 

As a result of the experimental work a curve was 
drawn (see Fig. 36) showing the* errors of the Russell 
iormula; it will be seen that for th% lowSr-pressure 
cables the error appears to becoifte? indefinitely large. 


(1) With “ conductors ” parallel to cable axis. 

(2) With one end of the model rotated through 60®, 

corresponding to a pitch of about 480 cm. 

Table 57. 

Comparison of Capacities of Electrostatic Model with 
" Conductors ” parallel to Cable Ax^s and with One 
End rotated through 60°. 


Capacity 

Case 1 

Case 2 

Leads + tubes .. 


660 

519 

Leads 

,, 

8» 

86 

Tubes only 

* • 

474 

433 


Thus there was a reduction, of 8 • 7 per cent due to 
the rotation. 

The tubes, however, in (2) <Jo not form a true helix, 
since they remain straight. The effect of the rotation 
•of the ends, therefore, is to cause the centres of the 
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tubes to close in on one another. This fact would in 
itself reduce the capacitj^ and the extent of this reduc¬ 
tion must be taken into account. 

The mean distance of conductor centres ‘from the 
axis at^the ends of the model was 1*87 cm. 

At the ^middle portion of the cohductors in the, 
twisted condition the mean distance was by measure¬ 
ment, 1*61 cm. 

The ratio of the capacities for two cases in which 
01=1*87 and 02 = 1*61 respectively, with r = t )-73 
and r 4 = 3*65, according to the Russell formula, • 

log {{rl - g?)/3r|ofr] 0-9306 

log [(»'| — ffl|)/3r«o|r 0-7960 ' ‘ 

• 

This minimum distance, however, refers only to the 
middle portion of the tubes. If, as an approximate 
assumption, the reduction of capacity is taken as being, 
therefore, only one-half, this gives 8*5 per cent as the 
reduction^of capacity to be expected on account of the 
closing in of tlie middle portions of the tubes, an amount 
^whcch^does not greatly differ from the 8*7 per cent 
reduction indicated by the experimental determinations. 
The reduction of capacity in case (2) as compared with 
(1) is therefore completely explained by the closing-in 
effect and leaves nothing to be referred to the effect 
of the lay. 

It should be noted that the pitch in the model was 
about 480 cm, wliich does not necessarily correspond to 
the pitch in a cable as manufactured. The experiment, 
however, does suggest that there is little, if any, differ¬ 
ence due to the lay. 


APPENDIX IV. 

Calculation of the Thermal Resistance of Three- 
core Cables, and Examination of Russell’s 
Formula by Mr. E. B. Wedmore. 

The N.PX. results given in Appendix III cover only a 
portion of the ground, and with a view to extending 
the work to cover all cases which may arise, and as 
a check on previous work, the problem was attacked 
afresh by a geometrical method described below. 

It is shown that the results obtained by the geome- 
tncal method aje in agreement with those obtained by 
the experimental tests made. The method has the 
advantage that it is applicable with equal facility to 
coh;^uctors of any shape, for example, of shapes in¬ 
capable of simple mathematical expression such as 
D-shaped and segmental conductors. 

The intention is to extend to three-core cables by 
calculation the results readily obtained for single-core 
cables. It should be noted, however, that the assump¬ 
tion has I5een made that the thermal resistivity of the 
dielectric is the same throughout the section, whereas ’ 
the material surrounding the cores and next the sheath 
may* differ frorn that used to pack the odd-shaped 
spaces betw’'een. * If, ho^^ever, this is known to be the 
case, a correction can be made by the geometrical 
method but not by any other. 


Geometrical' method .—The method is shown by’' an 
example in Fig. 37. The three conductors in.the cable 
are symmetrically placed and therefore^it is only neces¬ 
sary to deal with one of them and its sector of 120°. 
The lines of heat-flow are ^hown^fiowung from the 
conductor to the sheath. The latter is shown by a 
he^vy full line. Isothermals are''shown at right angles 
to the lines of flow. 



The method of construction is as follpws :— 

r 

{a) A certain number is chosen for the lines of heat- 
flow, in this case 12 per conductor. 

[h) A rough attempt is made to place these lines and 
the isothermals, the scale for the isothermals 
being based on the assumption ^that the inter¬ 
sections will form squares. This is an arbitrary 
but convenient scale. ^ ^ 

(c) The attempt is made and checked on the basis of 
• the following. 

(i) The surfaces of the conductors and‘'sheath 

respectively are isothermals. 

(ii) The lines of heat-flow must be ^everywh^*e 

at right angles to the isothermals. 

(iii) The intersections must tend to form squares. 

(Although some of the figures shown are 
far from square, it will be seen that if 
intermediate Imes of^flow and isothermals 
were inserted they would become more 
nearly square and, in the limit, the four 
angles being rjght angles and the curvature 
of the sides infinitesimal, they become 
squares.) 

(d) A diagram which complies with the above as 

nearly as can be judged by eye may then be 
scaled with dividers and an average correction 
factor w’^orked out. In the case of the diagram 
shown in Fig. 37, the correction factor worked 
out at zero, the positive and negative errors 
cancelling, but in other diagrams a correction 
of from 1 to 4 per cent was required. 

(e) The thermal resistivity on the arbitrary scale is 

shown by the number of isothermals, and to 
estimate the fraction an imaginary extension 
is made beyond the sheath to complete^ the' 
outermost row of squares as shown by the 
dotted line in Fig. 37. The laumber is esti¬ 
mated at 2*%7, which represents the thermal 
rdfeistaupe a? between one conductor and th<% 
sheath. 
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if) The corresponding thermal resistance is obtained 
for a single conductor concentric with the sheath, 
or may, be worked out by the following for¬ 
mula, in which it is assumed that there are 
12 lines of heat-flow as in the case considered 
above. 

thermal resistance = 4*40 logio — . . (60) 

(g) If the thermal resistivity of part of the dielectric 
ss higher or lower than that of the remainder, 
the geometrical construction must be modified 
so that the intersections, instead of being 
squares, are parallelograms in which the dis¬ 
tance between isothermals is proportionately 
reduced or increased. 

Results obtained .—The following quantities are used 
by Mr. Melsom :— 

® ^ distance of centre of conductor from centre of 
cable. 

r — radius of conductor. 

^4 = inner radius of sheath. 

The thermal resistsf^ce is independent of the absolute 
dimensions and depends only upon the relative values 



O-4'O O'^'S 0*50 0-55 0-60 

Fig.'• 38.—Curves for deducing thermal resistances of three- 
• core cables from those of single-core cables. 

of a, T and r^. With a/r 4 = 0*64, five cases were 
worked out with different values of r, and a sixth, the 
limiting case, in which, rjr^ being 0 • 46 and r/r4 -f ajr^ == 1, 
the conductor touches the sheath. A curve was drawn 
for;^thiS. Three cases were then worked out for each 
of two other values of a, and further curves diawn 
through tliese, •with the corresponding zero values. 

From these, curves were drawjj showing the relation¬ 
ship between the three, from which werj finaMy deduced 
the curyes shown in.Fig. 38. 


In Fig. 38 the vertical scale gives the ratio between 
the thermal resistance of one of three eccentric con¬ 
ductors to sheath, to that Of a similar conductor con¬ 
centrically placed. The resistance of three conductors 
to sheath would-be one-third of this. ^ 

^ The ^horizontal scale gives values of ajr^, and 
the curves each correspond to a particular value of 
log (100^7^4), which gives* a convenient unit, and the 
values being in equal steps intermediate values are 
readily obtained by interpolation. 

From these curves the thermal resistance of any 
three-core cable can be worked out from the corre¬ 
sponding thermal resistance of a single-core cable of 
the same dimensions of sheath and conductor. 

Comparison of results. —In.*Table 58 are given the 
results of calculations of the cases tested by means of 
capacity measurements, showing the relative values 
for eccentric and concentric conductors, bearing in mind 
that the capacities are inversely proportiohal to the 
thermal resistances. 

Table 58. 


Relative Thermal Resistances of Concentric Conductors 
and Relative Capacities of Eccentric Conductors 
deduced from the Geometrical Method. 


Case 

Dimensions of Test Piecqp j 


Relative 
Thermal 
Resist¬ 
ances, One 

Relative 

Capacities, 

Three 

Conductors 

a 

r 

U 

log ^ 

Conductor, 
from 
Curves, 
Fig. 38 

(1) 

cm 

0-68 

cm 

0-20 

cm 

1*00 

1*300 

0*880 

3*41 

(2) 

0-66 

0*263 

1*00 

1*420 

0*848 

3*54 

(3) 

0*46 

0*351 

1*00 

1*545 

0*97a 

3*07 


In Table 59 is shown a comparison of the relative 
results from tests made at the N.P.L. and those 
obtained by the geometrical method. 


Table 59. 


Comparison between the Results deduced from the Geo^ 
metrical Method and the Capacity Tests. 


Case 

Geometrical Method 
(Table 58) 

(«) 

Capacity Tests 
(Appen&x 

(6) 

Ratio ajb 

(1) 

3*41 

3*356 

1*02* 

(2) 

3*54 

3*465 

1*02 

(3) 

3*07 

2*970 

1*03 


Accuracy obtainable .—In the K.P.L. tes-fe (Appen¬ 
dix III) there are certain corrections applying to 
both single-core and concentric cables, such that the 
series of ratios worked out axe probably more accurate 
than the measurement of ttie individual capacities. 
The above results are in conformity with this, and it 
^is thought that the actual figures obtained from the 
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curves here given sxe at least as accurate as those 
obtained by the tests made by the electrostatic 
method. 

With any size and iotra of cable now madS, and on 
the ass\rmption of uniform thermal rgsistivity of the 
dielectric and uniform temperature throughojit the 


surface of the conductor, and again of the sheath,‘"one 
should obtain results correct to within ±2 per cent. If 
the material used as packing differs in t^iermal resistivity 
the error should not be more than 6 per cent with any 
materials proper for the purpose. ^ These are only 
estimated figures, but are thought to be safe. 


APPENDIX V. 
Table 60. 


Moisture Content of the Soil in the Newcastle-upon-Tyne district. 


Nature of Soil 

Nature of Surface 

state of Surface 

Date taken 

Depth taken 

Moisture 

Stiff plastic clay .. 

Macadam 

Wet 

8/7/20 

2 ft. 0 in. 

per cent 

13-7 

Brown sandy clay 

Macadam 

Wet 

8/7/20 

1 ft. 0 in. 

18-8 

Dark brown clay and loam 

Shale 

Wet 

11/7/20 

1 ft. 6 in. 

14,1 

Dark bromi stiff clay 

Shale 

Wet 

11/7/20 

3 ft. 0 in. 

15-2 

Dark clay with many small pebbles 

Macadam 

Wet 

16/7/20 

3 ft. 0 in. 

19-3 

Bright red plastic clay with much oxide 

Unmade 

Wet 

23/7/20 

7 ft. 0 in. 

44-1 

of iron 

Stiff brown clay and loam 

Grass 

Dry 

12/8/20 

0 ft. 0 in. 

15-1 

Brown plastic clay 

Grass 

Dry 

12/8/20 

3 ft. 0 in. 

20-9 

Cindery soil 

Macadam 

Dry 

22/10/20 

1 ft. 0 in. 

19-8 

Cindery soil 

Macadam 

Dry 

22/10/20 

2 ft. Oin. 

21-3 

Stiff plastic clay .. ... .. 

Tarmac 

Wet 

9/11/20 

2ft. Oin. 

22-5 

Stiff plastic clay. 

Tarmac 

Wet 

9/11/20 

3 ft. 6 in. 

23-0 

Loamy with much clay and sand 

Grass 

Dry 

15/11/20 

1 ft. 3 in. 

23-8 

Yellow plastic clay, much sandstone .. 

Grass 

Dry 

16/11/20 

2 ft. 6 in. 

-^25-0 

Stiff yellow plastic clay. 

Grass 

Wet 

6/12/20 

0 ft. 3 in. 

25-3 

Soft grey^ pjastic clay with vegetable 

Grass 

Wet 

6/12/20 



fibres 



2 ft. 0 in. 

26-7 

Brown clay with much cindery soil 

Macadam 

Wet 

1/12/20 

2 ft. 0 in. 

18-2 

Very soft dark clay 

Grass 

Wet 

9/12/20 

5 ft. 6 in. 

33-6 

Heavy d&k plastic clay .. 

Grass 

Wet 

9/12/20 

9ft. Oin. 

38-7 

Sand and pebbles .. 

Tarmac 

Dry 

1/7/21 

2 ft. 6 in. 

8-8 

Stiff yellow plastic clay 

Fine ashes 

Dry 

1/7/21 

1 ft. 8 in. 

21-6 

Dark plastic clay and some stones 

Square sets 

Dry 

8/7/21 

2ft. Sin. 

2-6 

Stiff brown plastic clay .. 

Macadam 

Dry 

26/7/21 

2 ft. Q in. 

28-1 

ILoamy soil with much clay 

Macadam 

Dry 

26/7/21 

1 ft. 0 in. 

12-6 

Clayey loam and some cinders 

Square sets 

Dry 

13/7/21 

2 ft. 6 in. 

16*6 

Dark soil, cinders and building refuse .. 

Ashes 

Dry 

27/7/21 

0 ft. 6 in. 

8-2 

Dark soil, cinders and building refuse .. 

Ashes 

Dry 

27/7/21 

2 ft. 0 in. 

12-1 

Cindery waste and some clay 

Ash footpath 

Damp 

18/8/21 

0 ft. 6 in. 

19-1 

Brown clayey loam 

Ash footpath 

Damp 

18/8/21 

1 ft. 6 in. 

16-6 

Yellow sand 

Unmade 

Dry 

27/8/21 

2 ft. 6 in. 

3-8 

Yellow sand 

Grass 

Dry 

27/8/21 

3 ft. 6 in. 

5-5 


APPENDIX VI. 

Determination of the Emissivity of Lead Sheaths 
BY Mr. J. F. Watson. 

For the purpose of the tests, four lengths of quite 
new lead sheath each 9 ft. in length and of varying 
diameters were obtained. These were mounted singly 
on a board placed along trestles and raised on blocks 
of wood 2 in. above the board. The ends were knocked 
up flat and connections made with the current leads, 


by means of copper bolts. The dimensions of thd lead 
sheaths are given in Table 61. 

The sheaths were first tested as received, clean and 
bright. Care was taken to keep the doors and windows 
shut during the tests in order to exclude draughts. 
The results of the tests are given in Table 62. 

The lead sheaths were then painted dull bla'bk ^and 
tested as before. The results of these tests are given 
in Table 63. 

The mean value of *the emissivity constant h (watts 
per degree* C. p§r cm^) for the bright sheath is 0-00070. 
and for the black «keath 0-00107. 
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Table 61. 


Dimensions and Resistance of the Lead Sheaths, 



Tot^ 

Length 

Length 



* 


Sectional Area 

No. of Lead 
Sheath 

between 

Potential 

Wires 

Diameter 
over Sheath 

Surface Area 
of Sheath 
per cm 

Thickness of 
Sh(^th 

R^istanceof Sheath 

Lead 

Sheath 

Copper of 
' Equal 
Resistance 


ft. 

ft. 


cm2 

in. 

ohm 

sq. in. 

sq. in. 

1 

9 

6 


26*30 

0*170 

0*00037 
at 12® C. 

1*74 

0*133 

2 

9 

6 

1*75 


0*110 

0*00110 
at 20® C. 

0*58 

0*045 

3 

9 

6 

1*20 

9*50 

0*0900 

0*00130 
at 20® C. 

0*31 

0*024 

4 

9 

6 

2-30 

18*30 

0*135 

0*00066 
at 20® C. 

0*93 

0*070 


Table 62. 


Heating Tests on Bright Lead Sheaths. 


No. of Lead 

Current 

( Power Expended 

Temperature 

Calculated 
Tempera¬ 
ture-rise for 
Uniform h 

Emissivity Constant, h 

Sheath 

Per ft. 

Per cm 

Starting 

Rise 

For Each Test 

Mean for Bach Test 

Mean for Series 
-» 



amps. 

r 300 

watts 

17*70 

watts 

0*580 



deg. C. 

31*8 

0*00072 1 




1 






21*1 

19*5 

0*00065 


0*00069 






0*197 


13*7 

10*7 

0*00055 





L 250 




7*3 

7*3 

0*00069 J 






^ 150 

4*35 

0*142 

20*6 

13*8 

14*5 

0*000734] 




2 

- 

125 


0*098 



10*0 

0*000692 


0*000714 , 





1*88 

0*062 

— 

6*1 

6*3 

0*000734 



0-00070 



[ 80 



19*2 


10*2 

0*0007081 




3 


70 

1*56 

0*051 

— 

7*6 

7*7 

0*000709 

»• 

0*000708 




60 

1*14 


— 

5*3 

5*4 

— J 





1 

[ 280 

9*52 

0*313 


24*9 

24*7 

0*000680 1 




4 

\ 

240 

6*88 

0*226 

— 


17*6 

0*000683 


0*00069 





4*65 

0*153 

*— 

11*9 

11*9 

0*000700J 

1 




Table 63. 


Heating Tests on Black Lead Sheaths. 


1 

No. of Lead 
Sheath 

• 

Current 

Power Expended 

Temperature 

Calculated 
Tempera¬ 
ture-rise for 
Uniform h 

Per ft. 

Per cm 

Starting 

Rise 


amps. 

watts 

watts 

‘•C. 

deg. C. 

deg. C. 


1 

r 400 

10*580 

0*346 

— 

13*7 

12*0 

1 


300 

5*850 

0*192 

13*2 

7*7 

6*6 


1 

1 200 

2*41 

0-079 

— 

3*6 

2*7 


1 

f 150 

4-270 

0*140 

— 

8’6 

9*1 

2 

J 

125 

2*940 

0*097 

19*8 

6*0 

6*3 


1 

[ 100 

1*870 

0*061 

— 

4*1 

4*0 



r 120 

4*740 

0*155 

— 

14*6 

14*8 

o' 

I 

1 80 

2*030 

0*067 

19*0 

•6*3 

6*4 

o 

] 

1 70 

1*560 

0*057 

— 

.4*8 

5*0 


1 

L *60 

1*135 

0*037 

— 

3*6 

3*6 



f 280 

9*170 : 

0*300 

— 

14*5 

14*7 

4 


240 

6*650 

0*218 1 

. 19*5 

10*8 

10*9 



L 200 

4*45 

. 0*l49 

— 

7*1 

7*4 


Emissivity Coastant, h 


For Each Test 


0*00096] 
0*00095 [ 

0*00086 J 
0*00116] 
0*00115 [ 

0*00106 J 
0 * 00112 ^ 
0*00111 1 
0*00112 f 

0*00110j 

0*00113] 
0*00111 [ 
o-ooiisj 


Mean for Each Test 

0*00092 

0-0W12 

0*00111 

0*00113 


Mean for S^es 


0*00107 
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APPENDIX VII. 

Determination of Thermal Resistance of Multi¬ 
core Cables with SecxMental Conductors. 

In considering the question of the calculation of the 
thermal resistivity of three-core cables vdth segmental 
conductors, it was found that the construction did not 
lend itself to mathematical treatment. Experiments 
were therefore carried out with an electrostatic model 
somewhat on the same lines as those for threescore 
cables with circular conductors. 

The exact shape of the conductors was not known, 
but a model was made in accordance with dimensions 
supplied by Mr. J. F. Watson, with the additional 
assumption that, the overall area (i.e. copper -f- inter¬ 
stices in the strand) of the segmental conductor was 
the same as that of the circular conductor. In view 
of the fact^that in some cases the segmental conductors 
are hammered and rolled, this assumption is not alto¬ 
gether justified, but this does not affect the experimental 
results appreciably. 

Stiap,ed wooden models of a segmental conductor 
cable corresponding to a 0*25 sq. in. tliree-core cable 


The effective parts of the segments were assumed to 
be those directly facing the containing cylinder. The 
ratio of these (see Fig. 39) was (arc GB)/(arc CAf and 
this in the model was 12/13 = 0*923. 

It therefore follows that the thermal resistance of 
a cable of this type can be calculated to an accuracy 
of ^2 or 3 per cent by assuming that the heat flows 
radially from an inner cylinder, except where the three 
gaps occur, to the outer containing cylinder. The 
process of calculating the thermal resistance. of such 
a cable would therefore resolve itself into calculating 
the resistance between the outer cylinder and an inner 
cyhnder wliich just touched the outer surfaces of the 
segments, and then increasing the result in the ratio 
(arc CA)/{arc CB). 

The.case just considered was a specially favourable 
one, as the general dimensions corresponded to a 660- 
volt cable and the gap between the segments was small. 
The same three shaped segments were therefore mounted 
in a larger tube of 10*1 cm diameter so as to make the 
general dimensions correspond to a 6 600-volt cable. 
The segments were placed so that the distance of the 
front of the segment from the surrounding cylinder was 



Fig. 39.—^Model of three-core cable with segmental conductors, 
corresponding to a 660-volt cable. 


were made and covered with tinfoil (see Fig. 39). These 
were mounted in a brass tube of internal diameter 
7*0 cm, and the capacity of the apparatus was measured. 
The results were as follows :— 

Three segments in parallel -f leads .. 320* 1 uuF 

.17.4/*^F 


Three segments'only .. 302 • 7 

Tipfoil was then wrapped round the three segments 
whilst still mounted in the position of the previous test 
so as to form an approximately cylindrical shap% 
enclosmg the segrnents and the capacity was again 
measured. The results were as follows :_ 

Tinfoil cylinder + leads .. .. 337-0 ituF 

Leads only . 



Fig. 40.—^Model of three-core cable with segmental conductors, 
corresponding to a 6 600-volt cable. 

equal to the distance between the flat sides of the 
neighbouring segments. With this arrangement, the 
front circular faces of the segments lay somewhat 
outside their proper positions (see Fig. 40), but this 
could have no appreciable effect on the general result. 
The capacity of the three segments in parallel to the 
outside containing cylinder was then measured, «and 
the results were as follows:— 

Segments -f leads .. .. 147-5 /x/xF 

Leads only. n-7 fifjLF 

.*. Segments only .. .. 129-8/xjLtF 


Tinfoil cylinder only _ 319-7 ^^F 

of capacity of segments to that of cylinder 

302-7 


Instead of surrounding the segments with tinfoil 
they were replaced by a brass tube of the same length 
as the segments and 'J- 6 cm external diameter. The 
capacity w«s then measured and the results were as 
follows:— 
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Cylinder -f- leads .. .. 193’9 fifiF 

Leads only .. .. .. 17-3 

% - - - -- ■ , 

Cylinder only ,. .. 176*6 fifiF 

The cylinder v^s, however, somewhat larger than a 
cylindrical surface that would just contain the segments, 
tlfe diameter of which would be 7*2 cm. The cap^ity 
of the apparatus with this cylinder was therefore reduced 
in the ratio of— 

log1[10*l/7*6) to log (10*1/7*2) = 0*840 
The capacity = 176*6 x 0*840= 148*4 
and the ratio = 129 • 8/148 * 4 = 0 * 875 = 7/8 

The ratio of the effective surface of the segments to that 
of the containing cylinder, namely, (arc CB)/(arc CA) 


hammered to a given shape, which is as nearly as 
practicable a segment. 

It should be clear that the case given above is most 
favourable to the method; with smaller conductors 
and when the pjroportion of copper to paper is^less the 
correctj^on would probably be larger. 

• It is useful to consider the amount of possible differ¬ 
ence in ^rating between* a segmental and a circular 
conductor cable, and one or two cases have therefore 
beeh worked out for comparison, the value of thermal 
resistance being based on the method described above. 

In view of the absence of standard dimensions for 
such cables, it was decided that a comparison should 
be made between three-core cables having circular con¬ 
ductors and those with segmental conductors, on the 
assumption in the latter case that the conductor and the 


Table 64. 


Thermal Resistance of Three-coye Armoured Cables laid Direct in the Ground, 



660 volts 

2 200 Volts 

. J 

3 300 Volts 

11 000 Volts 


C?rcular 

Conductors 

Segmental 

Conductors 

Circular 

Conductors 

Segmental 

Conductors 

Circular 

Conductors 

Segmental 

Conductors 

Circular 

Conductors 

Segmental 

Conductors 


0*25 sq, in. 



29 

17*7 

34*2 

23*1 

24-7 

17*7 

37*7 

34*3 


17*2 

20 

17*6 

19*1 

17*2 

18*5 

14*0 

15*7 

<?10 

41*3 

42*8 

40*6 

42*4 

49*2 

50*9 

46*8 

48*2 

ho 

389 

402 

376 

392 

374 

386 

357 

361 





0*1 sq, in. 





Si 

34-7 

24*1 

44*2 

! 33*4 

32*3 

26-6 

1 47*5 

1 48*8 

% 

21-7 

23*5 

20*2 

22*1 

19*5 

21-7 

1 17*2 

! 17*4 

<ho 

44-8 

46*3 

44*0 

45 

52*5 

63-6 

49*2 

50*3 

^50 

229 

238 

222 

230 

223 

229 

213 

214 


8x = thermal resistance per unit length of cable between conductors and sheath. 

iS'2 = thermal -resistance per unit length of cable between the lead sheath and the outer surface of 
the armouring and protective coverings. 

= thermal resistance of the soil in this case based on sandy loam having a moisture content of 
10 per cent. 

JgQ = current for a temperature-rise of 50 degrees C. 

in the second case is 8*7/10*7 = 0*81, and there is a 
di^repancy of 7*4 per cent between the measured 
values and those calculated by the proposed rule. 

With an 11 000-volt cable the difference would of 
couifte be larger, but a method of this land with the 
readily obtained correcting factor would be simple 
and easily applied. The question of exact dimensions 
is, however, important; there is a large difference 
between the dimensions of the finished cable supplied 
by two cable makers, and, further, these do not permit 
of evaluation of the only dimension which appears to > 
be important for the purpose, i.e. the shape an<i size ► 
of a segmental* conductor of a given sectional area. It 
would appear that there should^ be no great difficulty 
in obtaining the necessary dimensions, • since the 
segmental conductor must in ^^ctice be rolled or 


belt insulation make up a true segment of a circle, thus 
not allowing for rounding off the conductor. It is clear 
that this is not a practical case, but a value based on 
it represents the extreme for this type of cable. The 
value for an actual cable will lie somewhere bef^een 
this and that for the corresponding cable with circular 
Conductors, depending on the exact shape of the 
segmental conductors. 

The further assumptions made and the method of 
calculation are as follows :— 

General Method of calculating Cables having Segmental 
Condmtors. 

{a) The values for cables with segfhental conductors 
are calculated on the assumption that the conductors 
are true segments having the same overall area of cross- 
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section (i.e. copper plus interstices in the strand) as the 
corresponding circular conductors. 

(b) The further assumption is made that the heat 
flows radially from the circular parts of the* segment 
faces and that there is no flow from, the side faces. 
The thermal resistance of a cable with segmentg,! con¬ 
ductors is thus equal to that of a Single-core cable with 
the same thickness of dielectric, multiplied hy^ a factor 
which allows for the effect of the three inoperative 
portions, i.e. multiplying by the factor 


^ __ length of arc AC 
length of arc AB 


(see Fig. 41) 


If r be taken as the radius of the cylinder formed by 



Fig. 41.—^Representation of segmental conductor cable. 


the three partial conductor segments, and d the overall 
diameter of the circular conductor of equivalent size. 


D -f- + 3-28(i2) 

2-09 


and the factor 


Arc CA 
Arc CD 


r 

r -f- 0-77D 


(61) 

(62) 


Eight sizes of cable have been compared and the 
values of the various components of the thermal resist¬ 
ance are given in Table 64, side by side, in order to 
facilitate comparison. 

The results show that the difference between the 
current-carr3dng capacity of cables of the sizes con¬ 
sidered, having circular and segmental conductors respec¬ 
tively, is in general negligible, and in the extreme case 
only about 4 percent. 


APPENDIX VIII. 

Thermal REStsxiviTY of Chalk Soil. 

In view of the large difference between the values of 
thermal resistivity of sandy loam and clay soils, it was 
desirable to obtain values for a third type of soil, and 
tests were made on samples of crushed chalk supplied 
by Mir. J. Christie. The;values obtained are given in 
Fig. 5 and Table 30. It will be noted that while the 


value for chatk in the dry coi^dition is higher than that 
for either gravel or clay, the addition of water results 
in a series of values intermediate between the dther 
two, the value of 90 with a moisture content of 19 per 
cent being identical with tha^t of ^sandy loam with 
15 per cent of water. 


APPENDIX IX. 

Graphical Representation of Selected 
Load Tables. 

For the purpose of the preparation of a summary of 
the report in a form convenient for reading at the 
meetings of the Institution, a number of the load tables 
were plotted so that the differences of loaaing Sue to 
the various factors mentioned in the report could be 
readily appreciated. These are now included in accord¬ 
ance with the request of several members who con¬ 
tributed to the discussion. 

Fig. 42 refers to 3 300-volt three-core armoured 
cables laid direct in the ground, for the four values of 
thermal resistivity of the soil g. The values for the 
tables published by the Verband Deutscher Electro- 
techniker are given for comparison. It will be seen that 
the German values when corrected to the same tempera¬ 
ture-rise are somewhat higher than the Britishr; further, 
it should -be noted that the German values refer to two 
cables laid in a trench, while the British refer to one 
cable only. When two cables are laid in one tre?Tch at 
a distance apart of 8 inches, the British values must be 
reduced to 0*82 of the figures in the curves, and thvs 
the difference between the British and Gerrhan values 
would be considerably greater. 

Fig. 43 is a similar series of values for an 11 000-volt 
cable. 

The effect of varying thickness of dielectric when 
cables are laid direct in the ground^ is shown in Figs. 44 
and 45, one set of curves referring to thr^-core cables 
with the centre point earthed, and the other not earthed. 
Fig. 46 gives a similar set of values for concentric 
cables. 

Fig. 47 is a comparison of 660-volt cables, single, 
concentric and three-core when laid direct in the 
ground. 

Figs. 48 and 49 show the values for concentric and 
three-core armoured cables when in air, free from 
draughts. It will be noted that in these cases the <S:der 
of the curves is not the same as when the cables are 
buried direct in the ground (see Figs. 44 and 45). The 
reason is, of course, that in the air condition the increase 
in thickness of the dielectric in some cases is more than 
compensated for by the additional radiating surface. 

,, Fig. 60 gives values for 660-volt cables, single, goncen- 
tric and three-core in air. 

Figs. 61, 52, and 53 are curves for three-core cables 
of different pressures under the three conditions, i.e, in 
air, buried direct in tlfe ground, and drawn into ducts. 
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o. 0-05 0*10 015 OZO 0*25 O 0*05 0-10 015 0*20 0*25 

Fig. 62.—2 200-volt 3-core cables under different conditions of laying (not Fig. 63.—11 000-volt^-core cables under different conditions of laying (not 

earthed). earthed). 
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Discussion before The Institution, 1 March, 1923. 


Mr. LI. B. Atkinson : The results of the research 
are presented to the Institution by the two authors, 
Mr. Melsom ai%d Mr. Fawssett, in the form of a report 
to the Electrical Research Association, but as a matter 
of fact the great bulk of the experimental work has 
been dorilb by these two ^members. In some ways I 
have been so closely connected with the growth of this 
report that perhaps it would not be reasonable and 
prope? for me to make any criticisms now. I am, there¬ 
fore going to^take this opportunity to say a few words 
dh what appears to me to be a very urgent moral arising 
from this report. The great discoveries in electrical 
science, as in all other sciences, have in the main been 
made by single individuals. That will in all probabihty 
continue to b^ the case; that is to say, great minds 
concentrating their genius on. some problem and reaching 
sometimes by logical processes, sometimes by intuition, 
and sometimes, we may almost be tempted to believe, 
by a transference of thought from outside, conclusions 
which they experimentally verify and which at one, 
stroke seem to open up new worlds. That method of 
research by individuals will, I am quite sure, continue. 
But we must remember that it was an electrical man 
—Edison—^who invented or discovered the process of a 
mass attack on problems by organized forces. I believe 
that the Menlo Park laboratory was the first instance 
in •fixe history of the world of the reahzation of the 
definite belief that by putting a sufficient number of 
well-trained people on almost any problem it could 
be solved, and that within a reasonable time. Earher 
in the present week there took place the official opening 
of the General Electric Company's new research labora¬ 
tories,* an institution which already possesses a fine 
preliminary stafE under the directorship of Mr. C. 
Paterson. * That institution is an example of another 
form of research; that is to say^ where a large concern 
deliberately establishes a department to solve its own 
problems and to make discoveii^j wlich it may use 


for its own benefit and its own profit, always reahziijg 
that necessarily, in the long run, the discoveries must 
profit others. In a smaller way, with less means and 
therefore at present more circumscribed as to its outlay, 
we have the Electrical Research Association, in the 
foundation of which this Institution was associated, 
where again the problem of research was approached 
from a different direction. Some researphqs there are 
which appeal and are of use to much wider groups of 
people than a single firm—^which may, in fact, be of 
use to everybody in the electrical industry. It is the 
function of such a Research Association to undertake, 
at least as part of its work, the solution of problems 
which are of the widest application to every branch 
of the industry. A research such as the one with which 
we are now dealing is of no use unless it is published 
widely, and unless everybody in the electrical industry 
can and will make use of it. So far, however, although 
that is the case with this particular research, as it will 
be with others that the Electrical Research Association 
will develop, the burden of these researches is falling 
on a very few shoulders, and in some cases on the 
shoulders of those who are perhaps least interested in 
the matter. For instance, if, as I sh2lll hope to show 
presently, the present report will resulta in some 
cases in less cable being required for a given service, 
it certainly appears somewhat curious that, S.part* 
from the contribution from the Department of Indus- 
“trial Research, such a research should be paid for by 
the manufacturers of cables and* not by the users. 
The manufacturers are, however, well aware that 
an3rihing that can be done to cheapen 4the capital 
outlay on electric work is to their benefit in the long 
run, as well as to the benefit of everybody else. There 
is at times a feeling in some'quarters that the Electrical 
Research Association has not*so far produced any great 
results, or even results worthy of the expenditure and 
trouble taken. I think I shall be able to show that 
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that is a short-sighted view. The Association has, in 
fact, only existed for years, and the present report 
. is one of its first fruits* This report, within the limits 
to which it goes—^that is the 11 000-volt cable—^and 
includin|^ all the ordinary cables, puts us to-day for 
the first time in this position, that engineers or supply 
companies Vho have decided what cable will be used, 
and how deep it will be buried^ and, by a simple experi¬ 
ment, have determined how much moisture there is 
in the soil, and how niany other cables are laid iSear 
it (all simple, easily-determined physical facts) are in 
the position, by the aid of this report, to say definitely 
what is a reasonable and proper loading (for a given 
temperature-rise) to put upon such a cable. Even if 
it be-true that some cabjles are shown to be already 
overloaded, that is almost as great an advantage to 
the user as to find they are underloaded, because he 
is diminishing his future risk. At a conservative esti¬ 
mate, not less than £40 000 000 worth of underground 
cables axer.n use in this country alone for the purpose 
of distributing electricity. I think, also, it is no exagger¬ 
ation*. to say that, with these tables before them, almost 
any supply undertaking may definitely improve the use 
of its cables by 10 per cent, either by diminishing the 
risk or increasing the loading, with perfectly definite 
knowledge. If that be a fair estimate, then the value 
in money of this report to the industry is something 
of the order of £3 000 000 tp £4 000 000. If that be 
a correct way of looking at it, and if we say that cables 
are now being put down in this country at the rate of 
something like £2 000 000 to £3 000 000 worth a year, 
then, with the superior use of cables to be obtained as 
a result of thi^ report, £200 000 to £300 000 a year will 
be gained by the industry. A certain group of manufac¬ 
turers, belonging to two large Associations, has so far 
found all the sinews of war, except for a certain amount 
of very valuable help given now and in the earlier 
stages by this Institution. Now, however, we must 
press others to give financial assistance. The supply 
industry has not so far, perhaps, had an opportunity 
of doing so, but steps are being taken to remedy this 
and to enable them to join the Research Association 
as members. In saying this I must call attention to 
the great help given by the company with which 
Mr. Fawssett is connected, both in material support 
and in allowing its officials to devote much time to 
the work. 

Br. A* Russell; The authors discuss the heating 
of a three-core Cable when only two of the cores are 
caixying current. On page 546 they show that the 
ratio of the thermal resistance between the three cores 
rand ‘che sheath to the thermal resistance between the 
two cores and the sheath is as 91 to 100, but the ratio 
of the electrostatic capacity between two cores and th# 
sheath to the capa^dty between three cores and the 
sheath is approximately as 81 to 100. If the insulating 
material aots as a homogeneous medium to heat-flow, 
the two ratios ought to be the same. There must be » 
a reason for the difierence. When only two cores are ,, 
loaded the sheath gets rid t>f less heat than when three 
cores axe loaded.'" The sheath therefore is at a lower 
temperature and so also the insulating material is at 
a lower temperature. Hence, if the thermal resistivity 


increases as (Tthe temperature increases, this would 
explain the discrepancy. If the thermal resistivity 
has a temperature coefficient—^just as the insulation 
resistance has a temperature coefficient—^then the 
rating of cables for use in hot coi^ntries would be difierent 
from the rating in cool countries. T&e authors discuss 
the ^heating of conductors in air land calftli^c amount 
of heat emitted per sq. cm of the surface of the cafile 
per degree C. and per second the '' emissivity constant.*' 
It is well known that this constant *' is greater for 
cables of small diameter than for large cables. It can 
be shown that it varies inversely as the square root 
of the diameter of the cable. An interesting experi¬ 
ment is described at the end of the report, where an 
experimental three-core cable is constructed and certain 
measurements are made to find out the error in the 
Russell formula when used at a part of the scale where 
it does not apply. The effect on the capacity of giving 
the cores a twist round the axis of the cable is measured. 
It is found that this twist—“ lay,** I think, is the proper 
term—^has little effect on the capacity and therefore 
also on the thermal resistance. The reason of this is 
possibly that the twist increases the effective length 
and therefore the resistance of the*^core per unit length. 
There is consequently more heat to get rid off. At 
the same time also, whilst there is more* metal per unit 
length there must be less heat-resisting material. 
These produce opposite effects and henc^ may produce 
a very small resultant effect. It is interesting to remem¬ 
ber that the theory of the radial conduption of heat 
in cylinders which the author^s have applied tc^veryday 
practical work was first given by Fourier in his Thdorie 
Analytique de la Chaleur published over 100 years ago. 

Mr. H. Brazil; I entirely agree with Mr. Atkiason*s 
remarks on the very valuable work done by the Elec¬ 
trical Research Association, and think that^the whol^ 
profession is deeply indebted to them. I cannot, 
however, agree with him that any engineer with this 
report before him will find it quite simple to determine, 
under any circumstances, what size of c^le he requires 
to deal with a given load, and to v^hat figure he must 
reduce the current on existing cables in order to be 
safe. On page 642 is given a table showriig the per¬ 
missible temperature-rise, and the figures vary from 
25 deg. C. (German) to 60 degt C. (British) and 86 
deg. C. (Japanese), and I believe that the American 
figure approximates to the Japanese. Presumably cables 
are working at or near this highest figure, and it is 
therefore difficult to come to a decision as to which 
figure to use. Again,.if cables are working at 85 deg. C. 
rise, it is very unlikely that an engineer worlmg his 
cables at, say, 60 deg. rise would reduce tlie figure to 
50 deg. in consequence of this report. Another diffi¬ 
culty that arises is the variation in the thermal resistivity 
of the soil through which the trunk main has to pass 
in getting from generating station to substation. In 
most cases the main will start in the country, and then 
penetrate through the outskirts right into the town or 
city.^ Those who have to lay mains in large towns win 
appreciate that all kinds of made-up soil h'ave to be 
dealt with. In some cases there is scarcely any soil 
left, and the main has to be laid amongst pipes and 
ducts of various kq^tyis* What value for the thermar 
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resistivity should, in the authors* opinion? be used in 
this case ?• If the main is of the same size throughout 
its Whole len^h^ this size must be governed by the 
-thermal resistivity of the worst soil through which it 
has to jass or, alternatively, tile size of the cable must 
be varied as Jhe thermal resistivity of the soil varies, 
^ afraid,' an impossible proposition. , 
Professor E. W. Marchant: The great value of the 
report lies in the fact that it gives due weight to the 
very many variables that have to be considered, such as 
the character*of the soil and the grouping of the cables, 
and it deals, of course, with high-pressure three-core 
cables. In common with Mr. Atkinson, I feel that the 
report will result in the saving of a great deal of money to 
aupply undertakings. I propose to discuss one or two 
points in connection with the work that has been done. 
First of all, there is a difference shown for the per¬ 
missible temperature-rise when a cable is laid direct in 
the ground ^nd when it is laid in ducts; in one case 
it; is 50 degrees C. and in the other 35 degrees C. 
The only reason given for this difference is the 
fact that there is greater liability to abrasion when 
the cable is laid in ducts. As stated in the report, 
the difference in permissible temperature-rise gives a 
difference of ovejr 12 per cent in the carrying capacity 
of the cables, and tells very heavily, therefore, against 
the use of cable laid in ducts. Have the authors any 
definite inform^ition as to the abrasion of the lead 
sheathing of cables when they are laid in ducts ? On 
page 537 it is seated that where current is passed through 
a cable there is jan increase-tn the moisture surrounding 
the cable. It seems to me that this must be more or 
less accidental; I cannot imagine how the passage of 
current^through a cable can tend to increase the moisture 
surrounding il:;^ There is a reference in the report to 
the fact th«.t the cable trough sometimes acts as a 
drain, and I think that is what must have happened in 
this instance. On page 543 it is stated, and I think 
quite rightly, that a cable route can sometimes be 
traced out by tne drying of the ground above it. I 
should like to suggest the stream-line method used by 
Dr, Hele-Shaw which was shown before this Institution 
some years ^o, for plotting out the stream-lines of 
heat-flow in a three-core cable. It was used in the 
first instance for tracing out lines of force, and was 
used here to show the lines of force from the armature 
tooth to the field magnet. It is stated in the report 
that the relative expansion of the core and the sheath 
is comparatively small. In one of the cases quoted, 
the actual increase in length of the conductor is about 
1 incb, and the increase in length of the sheath is about 
J indh. That means, of course, only J inch relative 
motion of the core and the sheath, and the risk of trouble 
is therefore not great. I •think the fact that the core 
tends to expand more than the sheath is important, 
and might not be expected, since the coefficient of 
expansion of lead is greater than that of copper. That, 

I t^^ink, has an important bearing on the use of 
aluminium ^ cables. The coefSicient of expansioi* of 

aluminium is ^out 50 per cent greater than that 
of copper, and therefore the lial^lity to trouble from 
^pansion is likely to be much more -^^hen aluminium 
is used .than when copper is empleyedi It is stated 
VOL. 61. 


in the report that the dielectric loss in cables is negligible 
at a pressure of , 11 000 volts, and I think it is stated 
that the dielectric loss will increase rapidly when the 
temperature rises above a certain definite figure. Is 
not the dielectrip loss due to temperature-rise ^caused 
by direct conductivity rather than by dielectric loss, 
as the term is ordinarily understood ? The specific 
resistivity* of a dielectric falls very rapidly indeed as 
the temperature rises, whereas I do not think that 
dielectric loss due to dielectric hysteresis alters to any 
appreciable extent with increase in temperature. I 
should be glad if the authors would give some definite 
information on that point. It would also be instructive 
to have some figures for the sheath losses in single-core 
cables carrying single-phase burrent. Suggestions for 
the use of such cables have been put forward within the 
past few months, and a good many figures of sheath 
losses have been published, but the information is not 
very complete. 

Mr. T. N. Riley : The authors state on'^page 545 
that the balanced-load condition is the least favourable 
from the point of view of temperature-rise. It is CQmrflon* 
practice to use cables for three-wire working in which 
the neutral wire is half the section of the two main 
cores. In this case it is not correct to state that the 
balanced-load .condition is the least favourable. -Le^ 
I and (I — i) be the currents in the main cores (i 
being the current in the ifieutral core); JR = resistance 
of each main core; 2JS = resistance of neutral 
core. Then the heat developed is proportional to ; 
J2JS -f- (J - i)2jR + i2(2B) = 2I^E - - Si). In 

the balanced condition when t = 0 and again when 
^ the heat developed is the same, ^nd between 
these points the heat developed is reduced. If i exceeds 
f / the heat developed increases and becomes a maximum 
when the current in one core is zero, when^ the heat 
developed is 50 per cent greater than in the balanced- 
load condition. It is unlikely in ordinary circumstances 
that the unbalanced load will ever be such as to make 
i greater than f J, and the case which the authors have 
taken will meet ordinary practice even if the third 
core is- of half section. It is then difficult to see how 
a neutral core of equal section to the other two, as 
assumed by the authors, can be justified. Mr. Melsom 
stated in the discussion that the authors had not fcund 
any satisfactory method of plotting the fines of heat- 
flow. It appears to me that a similar method might 
be used to that described by Emanu^ * in a pai?er 
dealing with the determination of the electrostatic field 
in a three-phase cable. It would at first sfjght seem 
quite possible to determine the fines of heat-flcw^ for 
any cable under any system of loading. The cable 
^^ould be represented by tubular conductors surrounded 
by a tubular lead sheath immersed in an electrclyte, 
and each conductor would be charged to a potential 
above the sheath proportional to the heat developed 
in it under the assumed load conditions. *Emanueli 
used water as his electrolyte. The use of alterrating 
current avoids polarization effects, ahd an electro dyna¬ 
mometer is used to give a null nqpthod *' detector 
and avoid disturbance of the field. The connections 
for exploring the thermal field are shown approximately 
* VElettrotecnica, 1921, voL.S, p. 673. 
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in Fig. A. Emanneli's experimental arrangements are 
fully described in the paper referred to. One advantage 
of this method is that it would enable sector-shaped 
cores to be dealt with in a manner impracticable by 
calculation, and it would afford a v#iluable check on 
Mr. Wedr^iore's graphical method in Appendix which 
does not appear at all easy to apply with accuracy to 
sector-shaped conductors, 'fhe method wouid not, of 
course, allow for any difference in heat conductivity 
of the worming and the main core insulation due to 
difference of material or tightness of packing. It would 
be interesting to know whether the authors found this 
to be appreciable. I use " worming ” here in the sense 
of the material employed to fill the interspaces between 
cores. There is an alternative method which seems 
to me to be feasible. If in any cable the dimensions 
were magnified to any extent, keeping the proportions 
the same, the thermal field would be similar. A model 
could therefore be constructed sufficiently large to use 
the thermo-couple method already employed for investi¬ 
gating the heat-flow in the ground outside the cable 
*"(se6 page 543 of the report). The actual material 
used as filling would only affect the magnitude of the 
thermal resistance and not the lines of heat-flow. The 



effect of the worming might then be studied by using 
two materials of different thermal resistivity for the 
portions of the dielectric representing core or belt 
insulation and worming. If the thermal field is deter¬ 
mined, a correction for filling material and absolute 
dimensions could then be very simply applied. The 
authors showed figures giving a comparison of the 
current loading of British and German cables. If we 
take the 11 000-volt case, the German standard thick¬ 
ness of dielectric is only 0*24in. as against 0*3in, 
in the British case, and for cables laid direct in the 
ground that wg^uld give a better cooling effect to the 
German cables and enable them to run at a higher 
current Idadmg. In the opinion of the authors, is the 
difference in insulation thickness sufficient to account 
for the increased rating of the German cables ? 

Dunsheath : When the Preliminary Report 
appeared two years ago, some of us were disappoint^ 
because the contents were not such as could be applied 
to everyday problems of current rating, and we sug¬ 
gested th^t a simpler treatment based more closely 
on the thermal Ohm’s law would be helpful. I am • 
glad to find that, either^ because of the suggestions 
then-made or for some other reason, the thermal- 
resistance treatment has* been entirely adopted, with 
eminently satisfactory results. On page 636 two Values 
have been adopted for thermal resistivity, one of 760 » 


and the other of 650, the former for pressures i3p to 
and including 2 200 volts and the latter for pressures 
between 2 200 and 11 000 volts. Reacons are gi'^^n for 
this classification, but they are not very convincing. 
On the same page thfe following ^statement occurs: 
" In view of the cost of manufacture it was considered 
unreasonable to expect that the lower-pressure caj)les 
would normally have a value of thermal resistivity as 
low as that of the higher-pressure cables.'' I should 
be glad if the authors could give a little more information 
on this point. I submit that, taking the-^whole of this 
and the previous report, the evidence is insufficient to 
warrant the adoption of those two values and that 
particular classification. Considering manufacturing 
operations, we should expect the values to be in tlm 
opposite direction. I think that the point should be 
verified very carefully before this is put forward as 
the last word. The footnote on the same page states: 
"'Higher values have been adopted forcables with 
conductors having a sectional area less than 0*06 sq. i^. 
to allow for the difficulties in manufacturing small 
cables." What is the reason for that statement ? 
On page 638 the question of th^ thermal resistance of 
the soil is referred to. On later pages, and in particular 
page 544, the problem is worked out in detail. This, 
of course, is one of the difficulties of the whole investiga¬ 
tion into the rating of buried cables. The method 
adopted in the report seems to be to mcke the assump¬ 
tion that the isothermal line coincides with the surface 
of the ground, and then to modify it b^’’ an arbitrary 
constant in order to make <that assumption "^gree with 
the figures obtained, knowing at the same time that 
the assumption must be wrong. It is stated later in the 
report that the surface of the ground on a daihp day 
dries over the cable, but not to any esjtent on either 
side. It does not seem right to assume that Kennelly's 
formula is correct and then add an arbitrary constant 
to make it fit the results. The real reason for the 
discrepancy seems to be that there is a temperature 
gradient in the ground before the cable carries any 
current at all, as is shown hy s^me of these curves. 
In the summer, the surface of the ground is considerably 
hotter than the ground at a depth of twoV)r three feet, 
and in the winter the gradient is reversed. Formula 
(26) shows that the deeper the cable is buried the greater 
will be the thermal resistance of the soil, and conse¬ 
quently the greater will be the temperature-rise. As 
a matter of fact, a cable buried deeper in the summer 
is put into a cooler spot, and therefore the reverse may 
hold; that is to say, tlxe greater the depth the lower 
may be the temperature-rise. On page 641 anpther 
fundamental on which the whole of Table 31 Ifinges 
is that of the maximum temperature adopted. The 
figures are given as 65° C. fDr cables laid direct, and 
60° C. for those in ducts. I think that the reasons 
for adopting the first-named figure are very good indeed. 
A previous speaker said that the Japanese were adopting 
higher maximum temperatures. The Americans ^also 
are €oing so, but a report published three months ago 
in America showed the number of faults they allowed 
per mile of cable. The figure was ridiculously high 
from a British sjandpomt, so the fact that other nation^ 
are adopting higher temperatures is no justifica^tion for 
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our'^adopting higher figures than those anentioned in 
the present report. The ^arguments put forward for 
the- anaximunx tpniperature of 65° C. are very strong 
indeed, but I am not so sure about those advanced to 
support the figure of §p° C. for cables in ducts. In 
American practice, where ducts are more common, 
the tempcjfatures are Very much higher than that, ^.nd 
I hardly think that the abrasion trouble referred to 
is a sufficient reason for having two maximum tem- 
peratur^g for the same dielectric. The paragraph on 
page 541 commencing; The actual difierencein permis¬ 
sible current-loading . . should, I think, read: “The 
actual difference in permissible current-loading between 
rises of 50 degrees C. and 35 degrees C., corresponding 
to final temperatures of 65° C. and 50° C. respectively 
. . In formula (49) * L should be in the denominator 
and not in the numerator, because the thermal resist¬ 
ance goes down with the length. On page 553 the 
time tQ att^n the maximum temperature is dealt with. 
Not many people seem to realize that if a cable is buried 
in the centre of an infinite medium and quite a small 
current is passed through it, the temperature will rise 
indefinitely. This would not, of course, occur in prac¬ 
tice, but I think tha? that phenomenon throws much 
light on the practical problem. I think that the sub-title 

Effect of * worming' on the capacity of the electro¬ 
static model “ on page 567 is incorrect. What is 
intended here i« “ lay,“ not “ worming,'* and I suggest 
that the correct technical term be adopted, f In 
conclusion, 14 ^hould like to emphasize an important 
feature of* the report. For a long time a need has 
been felt for a set of current-carrying tables which 
could be accepted as standards, but it was important 
that they should J)e published in such a way as to 
command confidence. The authors must have been 
tehipted at^ times to dwell on more academic points, 
but they have gone, I think wisely, straight to the 
practical problem, and so have produced a precise 
authoritative statement which will command the 
respect of en^neers which it deserves. 

Mr* E. B. Wedniore Mr. Atkinson has already 
dealt admirably with this report from the point of view 
of the Electrical Research Association, but I should 
like to -add a few remarks., Members are aware that 
the Association has in hand other researches which 
affect the whole industry. I suppose it is true to say 
that the whole of the work of the Association is and 
wiU be of value to the whole of the industry. We 
hav6 researches now in hand, however, which are of 
particular value to those engaged in power supply. 
We are conducting researches which will add to the 
econcflcnical use of overhead line material, researches on 
the construction of poles, which will undoubtedly lead 
to a change in the design «f poles designed for canying 
overhead lines, and. researches on switchgear, amongst 
others in this category. Mr. Atkinson has referred to 
£200 000 to £300 000 a year as the saving likely to accrue 
•to the industry as a result of this report alone. I feel 
that the Association can reasonably seek to secuise at 
least 10 per cefit of this sum. There is a particular 
claim which I should like, to put forward at this stage to 

* Corrected for the Journal, 

t This suggestion has been owned out. 


those members who are connected with electric supply. 
Manufacturers are not yet free of the financial difficulties 
through which the whole iridustry has been passing of 
recent yekrs. Business is turning the comer, but only 
slowly. On the^ other hand, I think it is a f^ct that 
power supply companies have well turned the comer. 
Undoubtedly the municipal supply authoiities also, 
who will Ijenefit by these fhbles, are in a happier position 
financially than they were a few years ago. This is a 
fav(?drable time, therefore, for supply undertakings to 
consider their indebtedness to the Association and to 
consider the possibility of co-operating in the work 
now being done, work from which they will so obviously 
derive benefit. It has been briefly indicated that the 
Association has in preparation a scheme of Associate 
I Membership for bringing these people more closely in 
touch with us. We desire their co-operation in every 
way. The whole effort of the Association is co-operative, 
not only in its financial aspects, but in every direction ; 
we want the whole-hearted co-operation of* everyone 
who is interested in research as a means of advancing 
the industry. It is hoped to distribute particular^ ofi 
this scheme of Associate Membership to alf these 
interested, and we hope that power companies, municipal 
authorities and large users will see their way to appoint 
representatives to co-operate with the Association ill 
the capacity of Associate Members, and help to finance 
our researches by substantial subscriptions. We have 
already had promises recently of £250 to £500 from 
each of several large corporations engaged in power 
supply, towards particular researches. 

Mr* P. V. Hunter : I should like specially to draw 
the attention of engineers to those tables 4n-,the report 
which show the permissible loading which may be 
adopted in the case of cables laid together. In the 
past there has been a fairly general knowledge on the 
question of the actual heating of the ordinary types of 
cables when laid according to the methods in general 
use, but there has been no reliable information available 
as to the effect of the mutual heating of cables in the 
same trench. The information given in Table 37 of 
the constant to be applied when cables are laid at 
different spacings in the same trench is therefore, I 
think, of very great value indeed, and is hardly given 
sufficient prominence in the report. Have the authors 
any information for rather larger separations than 
the 12 in. given ? In many cases it is customary to 
space the cables rather farther apart, up to 18 in. t)r 
even 2 ft. There is also the question "of the cause of 
temperature-rise in cables laid direct in th® ground. 
Various mathematicians have visualized it in different 
ways, and I gather that the authors could find no lest- 
results which agree with the mathematical formulae. 

It seems to me that the assumption that all the lines of 
heat-flow eventually reach the surface of the ground 
must be right. In practice the energy must be dissi¬ 
pated in the atmosphere. The weakness in th^it particu¬ 
lar mathematical formula seems to lie in the assumption 
•that the surface of the ground is also an isotherm. 

If a cable were buried at suefi a depth^that the lengths 
of the lines of heat-flow from^the cable to the surface 
were all approximately equal, the surface of the ground 
yrould approximate to an isotherm. For this condition 
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to hold, however, the depth must be very great as 
compared with the diameter of the cable: probably 
many times greater than is the case in ordinary practice. 
For this reason it is necessary to make a rather'large 
correctiqn' to the formula—as much as 33per cent, 
I understand. 

{Communicated) : There is one other mattfef which 
appears to require sonie furtller consideratioij^ namely 
the permissible current loading of cables in air. On 
page 622 it is stated that for cables in air and di^wn 
into ducts the temperature-rise allowed is 35 deg. C., 
the maximum permissible temperature being 50° C., 
from which it is deduced that the atmospheric tempera¬ 
ture is 15° C. In the case of railway companies it is 
common practice to suspend high-tension cables in air 
and exposed to direct sunhght, and it seems to me that 
at certain times of the year the atmospheric temperature 
must substantially exceed 15° C. I should expect it 
at times to reach 40° C. Assuming for the moment 
the same*^ temperature-rise, namely 35 deg. C., this 
would give a total temperature of 75° C„ which seems 
lik^y to be the condition which would result if cables 
suspended in this way were loaded in accordance with 
Tables 16 to 21. It is probable that for these particular 
conditions the limit of maximum temperature of 50° C. 
iieed not be adhered to, as this is primarily a limit set 
in connection with cables drawn into ducts. For 
cables laid underground the» hmit is 65° C., which is 
still 10 deg. less than the 75° C. mentioned above. A 
particular cable carries its maximum load only occa¬ 
sionally, i.e. when circumstance requires some of the 
cables to be out of service at the time of maximum 
load. For^ a ♦temperature of 75° C. to be reached these 
cables have to be out of service not only at the time of 
maximum load but also during that brief period of the 
year wheif the atmospheric temperature is highest. For 
this reason, therefore, the probability of any particular 
cable attaining to the temperature of 75° C. is small, 
and it is doubtful if any harm would accrue from such 
a temperature if it occurred for only a few hours in 
the course of several years, provided the cables are 
for working pressures not exceeding 11 000 volts, where 
the increment of dielectric loss with temperature is 
not a material factor. On the whole, therefore, the 
conditions are probably not so alarming in practice as 
they would appear to be on paper, but in view of the 
imminence of schemes of railway electrification and of 
th^ tendency for the advisers of railway companies to 
adopt this mode of erection for cables, it would probably 
be of value to the industry if the Committee would 
give it some more special consideration than has been 
done in the report. The capital expenditure involved 
is several millions of pounds eventually, and the railway 
companies might therefore be asked to contribute ^ 
little money for a Special series of tests, the results of 
which could be embodied in a small supplementary 
report. . • 

•Mir• P • Roslin^ : I think that the wrong ter¬ 
minology* is used in regard to the concentric cables, 
where columns are headed " Centre Point Not 
Eaxthed ” aad Centre* Point Eaxthed.” Concentric 
cables may be used for single-phase transmission, and I 
♦ Corrected for ihQ Journal. 


think that the headings should be ** Outer Conductor 
Not Earthed ” and ** Oufer Conductor Earthed." 
I take it that the loadings given are §afe loadings ^ for 
these cables in certain circumstances ,‘ it does not by 
any means follow that they a^e the loadings which it 
will pay best to put on the cables. I'hey may be satis¬ 
factory for temporary running, but an*^ elimination 
of the losses entailed by these loadings will show t&at 
to-day, with the high price of coal and low price of 
copper, such loadings will not be economical in usual 
practice. 

Mr. E, T. Williams : There is one small point which 
has not been referred to in the report, namely the 
emergency loading of cables for a short time. All 
power engineers know that when la3dng down networks 
it is desirable to look to the emergency and to consider 
how the supply can be kept going in the event of one 
cable breaking down, and to what extent cables can 
be over-run without permanent injury, pr ev(an any 
injury at all. Information on that aspect of the work 
would be of very great value to engineers engaged in 
designing lay-outs. In common with Mr. Atkinson and 
Mr. Wedmore, I feel very strongly that not only financial 
support but S3mpathetic support should be given to 
those who are trying to advance this cause of research. 
In my ofi&cial position I have come very intimately 
into contact with not only the value of this research 
in experimental work but also the great-difficulties that 
have to be contended with. 

Mr, W, A. Del Mar (communicated) : ^The source of 
this report, the names qf the authors a^d of the 
Committee members, lend great authority to its recom¬ 
mendations and ensure its usefulness to British cable 
users. It may be of interest, however, to (ibnsider 
how this report would be received if presented to an 
American audience. In this case the emphasis would 
have to be put on the use of cables in ducts, this 
being the almost universal ^practice in America. The 
Standards of the American Institute of Electrical 
Engineers allow the insulation at . the surface of the 
conductor to attain a temperature of 85° C. less 
1 degree C. per kilovolt working tension in the circuit. 
Thus a cable for 11 000 volts may be ^Jperated at a 
temperature of 85 - 11 =? 74° C. This formula is an 
empirical one approximating a rational one based 
upon the assumption that cables must not be allowed 
to carry a greater load than a certain percentage of 
that load which would give cumulative heating with 
insulation of the power factors obtaining when*” the 
rule was formulated. Practical operating experience 
was also drawn upon in arriving at the final formula. 
This rule had served for about 8 .years when the 
general reduction ,of dielectric losses and the rise in 
commercial tensions led to ks re-appraisal; by a com¬ 
mittee of the Institute. It was pointed out that 
while the rule gave satisfactory results , up to about 
25 000 volts, it gave temperatures which were obviously 
too low for the new 33 000- and 44 000-volt cables.-- 
Tha manufacturers of these cables were willing to 
guarantee them for continuous operation at .60° C., 
whereas the rule gaye 52° C. and 41° C. for .33 000- 
and 44 000-volt cables respectively. The Institute, 
however, was notih possession of sufifident expeii- 
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data to make an adequate revisiDn of the rule 
and it was therefore decided to hold a meeting devoted 
to a S 5 nnposium on the failure of insulation under 
stress, and to make this the starting point of an 
exhaustive research. The symposium was held at 
Niagara Falls, Ontario, in June 1922 and the research 
work waSi started at about the same time, under, the 
direction of Professor Bush, of the Massachusetts 
Institute of Technology. This work is financed by 
the National Electric Light Association, which is an 
organizatioz^ of central station companies, and is under 
the control of a joint committee of that Association 
and the American Institute of Electrical Engineers. 
In 1921 the basic figure of the American rule, 85® C., 
,was discussed in a symposium on the heating of low- 
voltage cables. This symposium is quoted in the 
report under discussion, and it is incorrectly stated 
that the temperature-limits for impregnated paper 
cables proposed by American engineers in 1921 were 
^ all based on consideration of the mechanical pro¬ 
perties of the paper only.** As one of the authors 
and ^ <»as chairman of the committee under whose 
auspices the papers were presented, I can say with 
authority that the authors took into consideration all 
operating features of which they knew affecting low- 
tension cables, i.e. cables in which neither dielectric 
stresses nor dielectric losses have any perceptible 
influence. In particular, the stibject of thermal expan¬ 
sion was fully considered. It seems to me that the 
authors of the report beg the question at issue when 
they say that ** after flill consideration of all the 
various factors involved, it was decided to adopt 65® C, 
for the maximum temperature of the conductor 
for arhioured cables up to and including II 000 volts 
working pressure laid direct in the ^ound,** and "in 
view of th^ fact that a cable drawn into a duct is free 
to move lengthways along the duct and cause injury 
to the lead by abrasion, it was considered that the 
permissible temperature should be lower than that for 
cables laid direct in the ground. It was decided, there¬ 
fore, to adopt 50° C for the maximum temperature of 
the conductor, etc.** When hundreds of miles oif 
cable are operating successfully at temperatures from 
24 to 55 degrees C. higher, than the 50® C. adopted, 
the exact reasons for adopting, the latter figure should 
be stated. The statement that it was adopted after 
" full consideration of all the factors involved ** is 
rather like the embarrassing moment at a mathematics 
lecture when the professor says "it is obvious that** 
and then the whole thread of the discourse is lost. 

It wotild seem that the major part of the research 
shouid have been directed toward ascertaining and 
giving full reasons for the temperatures adopted. 
This is the course which,#as explained above, has been 
adopted by th^ Gable Research Committee of the 
National Elebtric Light Association and American 
Institute oi Electrical Engineers. The importance of 
' “the^ maximum allowable temperature may be seen at 
a yan<5e if-the ambient temperature of a duct liis^ be 
assumed to b^ 30® C., as the permissible rise for an 
11 000-volt, cable would be 44 degrees in American 
practicp ' 20 degrees - in British practice.' An 
assumption of 15® C. duct-line ambient temperature 


is difficult to understand, especially in view of the 
reduction factots to be used in calculating the carrying 
capacity when several cables are present. The relative 
carrying* capacities of a cable under the American 

and British riijles would then be in the ratio of 

V(4:4)^: ^(20) = Ij approximately. It is hard for an 
American to understand why British cables should be 
loaded tp only two-third& of the current that American 
cables normally carry. There also seems to be a con- 
fu^on of thought where Kelvin*s law is cited as a 
limiting factor. This law does not give 50° C. as the 

economical temperature regardless of the cost of 

labour, coal and copper. The maximum permissible 
temperature should not be confused with the most 
economical temperature from the point of view of 
copper losses. The work on Mie*s formula is very 
thorough and useful and will be greatly appreciated 
by American cable engineers. 

Mr. A. Rosen (communicated) : Dr. Russell has 
suggested that the thermal resistivity of tl3e dielectric 
might vary with the temperature. This possibility 
occurred to me some little time ago, and the following 



experiment was carried out to investigate the matter : 
A 220-yard length of three-core 0-15 sq. in. 22 000-voli 
cable, coiled on a wooden drum, was immersed in a 
comparatively large volume of water, and sufficient 
current was passed trough the three cores in series to 
give a temperature-rise of about 20 deg. F. above the 
water. When steady conditions were reached the 
heating current was switched ofi and the fall of resistance 
with time was measured on a Kelyin low-resistance 
bridge, so that it was easy to deduce the exact resistance 
and thus the temperature of the cores at the moment 
of switching ofl. The test was carried out with the 
water at 60® F., 100® F., 140® F. and 175® F., the othei^ 
conditions remaining-the same, so that the results 
should ibe strictly^ cbmparable. It was • found that the 
thermal resistance ^^decreased with temperature in a 
regular manner, thb ratio of the resistivities at mean 
temperatures of 69® F. and 183|® F. being 1-'B2. It was 
intended to' carry out ■ further t&ts to confirm this 
interesting result, but* the igressiire of other^ work has 
so far prevented this. In regard to the discrepancy 
between .the 'electrostatic; aharb^ and -the thermal case; 
when the loading on a three-cof e-cable is eccentric, as' 
described oh page 546, oiie would like to knoW th^ 
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temperatures of the cores and sheath. If the mean 
temperature of the dielectric were different in the two 
•cases, the change in the thermal resistivity might account 
for the 10 per cent diflPerence. There are two other 
factors vforthy of consideration : (1) If fjlie '' worming," 
i.e. the material used for filling the spaces between 
the cores, was of jute, its thermal resistivity may have 
been difierent from that of the^^paper, and so tl^e dielec¬ 
tric would not be homogeneous ; and (2) the electro¬ 
static analogy demands that the cores and sheath 
should be perfect conductors as compared with the 
dielectric. Taking the figures on page 634, the thermal 
resistivities of impregnated paper and lead are 500 and 
2*9 respectively, giving a ratio of 172 : 1, and this is 
of a much lower order thandn the electrical case. Thus, 


when the twcr cores were used for heating there would 
be a difierence of temperature in the sheath, i.e. the 
surface of the sheath and possibly thatcof the idle ^core 
would no longer be isothermals. Both (1) and (2) 
would modify the distribution pf the^lines of heat-flow 
and so affect the comparison with the capacity tests. 
In .^ppendix III, in describing thb electrostatic model, 
the trouble caused by end-effects is referred to. This 
can be overcome by providing the outer cylinder with 
guard-rings at either end, and using the Wagnerr double 
bridge * to measure the true capacity. The circuit is 
illustrated in Fig. B. 

[The reply of Messrs. S. W. Melsom and E. Fawssett 
to this discussion will be published later,] 


North-Eastern Centre, at Newcastle, 12 March, 1923. 


Mr. P. 5?'. Allan: The expression of the principal 
quantities in electrical measure, thus avoiding the use 
qf conversion factors, is a particularly useful feature of 
the report. Criticism must be confined to the few 
errors of statement which are bound to creep into a 
work of such magnitude, and perhaps to one or two 
of the assumptions made. In general, I find myself in 
agreement, so far as my own experience and knowledge 
go, with most of these ass-umptions. It must be 
realized, however, that to make these figures of per¬ 
manent value cable makers will need to be asked to 
guarantee the thermal resistance of their cables or the 
thermal resistivity of the insulating materials employed. 
This may lj.av^ the effect of shutting out some foreign 
competition of a harmful nature. Also, it must not 
be forgotten that the high current-carrying capacities 
of many of the lower pressure cables cannot always be 
taken advantage of except for short lengths. While I 
realize that the Committee and the authors, in limiting 
the maximum temperature to 50° C. for cables laid in 
ducts, were guided by a mass of information not avail¬ 
able to myself and other individuals, I do not think 
that they have quite made out their case for this parti¬ 
cular assumption or decision. Mr. Fawssett in pre¬ 
senting the report mentioned that the 35 deg. C. rise 
applied to cables both in air and in ducts. It is not 
made clear in the report whether or not it is intended 
that the final temperature in air should be 65° C. or not. 
I am particularly interested in the air figures on account 
of their possible^ application to mining conditions, as 
they will form a useful basis for further investigation 
of the peculiar conditions applying in mining work 
^undei'ground. One effect of a report such as this will 
be to remove the excuse that there are no definite 
figures to go upon, and therefore to throw greatef 
responsibility on eRgineers engaged in the design of 
distributing systems. They will be required to make 
proper allowance for all the varying conditions met with. 
On pages 519 and 538 the authors say that a large 
amount of data has been collected in respect of various 
countries, including India a*hd Australia. They further 
state that " the Australiairfigures are not greatly higher 
than these," referring to British figures just quoted. 
I feel that these statements are really misleading. 


omitting as they do any reference to the moisture 
content and the other characteristics of the soil, and' 
particularly in that they represent very small apd (in 
the case of Sydney, Perth, Adelaide, and Calcutta) not 
very typical parts of the countries'" mentioned. It may 
be agreed that a very large proportion of the electrical 
development in these countries is centred in a few large 
cities, but due qualification should be made in the 
report in its final form, or otherwise mi^aken assump¬ 
tions may be made. I do not at all like the idea of 
obtaining information about these large a;ud important 
countries through a single ^ource, and that only an 
indirect one. It would have been much more gratifying 
to our fellow engineers in responsible positions abroad, 
many of whom feel that they are cut off from the 
activities of the parent Institution, if the Committee 
had asked the various Local Hon. Secretaries to send 
out a proper questionnaire to all the members resident 
in their territory, and I feel certain that the resulting 
information would have added materially to the value 
of the report. I am interested in the explanations given 
of the reasons for error in Russell’s formula, and the 
limitations of its practical application. Will the authors 
be good enough to give a similar statemenb-with regard 
to the reason of the error between the theoretical,calcu¬ 
lations of the value of g and the actual experimental 
results obtained } 

Mr. G. Turnbull : With low-pressure current we 
cannot usually run cables at a density which will cause 
them to heat unduly, as the drop of pressure becomes 
too great before that, but with extra-high pressure a 
different state of things takes place. Modern super¬ 
stations require a pressure of 20 000 to 30 000 volts to 
enable them to transmit the current in cables of practical 
size. A 10 per cent pressure-d;rop, or more, is common 
enough with low-pressure supply, but a drop of 2 000 
or 3 000 volts on a high-pressure cable would usually 
involve an impossible current density. This means 
that Kelvin's law does not apply to these, but that a 
strict watch must be kept on temperature : it will in 
fact be as necessary to study the heating ©f underground 

* K. W. Wagner: 1911, vol. 40, p. 1001; also S. 

Butterworth: Proceedings of the Physical Society, 1921, vol. 34,- 

p. 8. 
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cables as that of conductors on generators and trans¬ 
formers. This brings us to the difficulty lhat soil con¬ 
ditions are not only difficult to predict but that they 
may vary by tl2e running of other mains in the neigh¬ 
bourhood, mains which in some cases may belong to 
another authority^ WL^re mains are to- be run at the 
highest densities, it ^11 be necessary to increase their 
section in'places congested with a large number of o’lsher 
mains, e.g. where they enter the station or substations. 

would suggest that the curves might in some cases be 
simplified by the use of logarithmic ruling. 

Mr. J. Y.’Hutchinson {communicated ): A satisfactory 
theoretical treatment of the heating of buried cables is 
very difficult and must involve some empirical matter, 
but it seems to me that a more straightforward 
consideration of the subject might be found than the 
one presented in the report. To my mind the whole 
question centres round the correct application of the 
fundamental formula H = tJ{S Q) in which {S + G) 
should be ti?e thermal resistance between two isothermals 
m the heat circuit and t-y the difference in temperature 
between the same two isothermals. One of the iso¬ 
thermals will be the surface of the conductor and the 
other may be any isothermal within the ground. The 
values of O and will vary according to the isothermal 
chosen, but for- any value of G there will be a corre- 
sponding “value of ty referring to the same isothermal. 
Any value of G will be useless for substitution in the 
formula without definite knowledge of the corresponding 
value of ti. If ti be taken as the temperature-rise of 
the cable.,, thSn G should be the thermal resistance of 
the heat circuit between the outer surface of the cable 
and the isothermal corresponding to the original tem¬ 


perature of the cable. This latter isothermal may be 
in the ground or, more likely, will cut the surface of the 
ground and be in the air. In this case part of the heat 
circuit will be in air, and G must include the equivalent 
of the thermal resistance of the air. On the other 
hand, if G refe-rs simply to the thermal resistance of 
the ground then ti should be considerably ^ower than 
the rise in temperature of the cable, since the tempera¬ 
ture even at the surface of the ground will be consider¬ 
ably higher than the initial temperature of the cable if 
isothermals cut the ground. It seems to me that the 
best treatment would be to ignore Kennelly’s formula 
and to obtain a new empirical expression for the thermal 
resistance of the heat circuit between the outer surface 
of the cable and the isothermal corresponding to the 
initial temperature of the c^ble. If, when comparing 
practical results with theoretical results, were taken 
as the rise in temperature of the cable, then it would 
seem from the above that Kennelly^s formula is more 
inaccurate than a 0*6 correction factor implies. The 
investigation of the distribution of isothermals, as 
described, is not altogether satisfactory, owing to the 
comparatively small size of the box and the v^e hi a 
medium of high resistivity which results in isothermals 
entering the air on all four sides. The fact that the 
cable was vertical also affects the result to some extent, 
as the heat at the surface will not be so effectively dis¬ 
sipated by convection as in the case of a horizontal cable. 
The results of further ’‘investigation under varying 
conditions of depth and resistivity would be interesting. 

[The reply of Messrs, S. W. Melsom and E. Fawssett 
to this discussion will be published later.] 


North Midland Centre, at Leeds, 20 March, 1923. 


Mr. W. E. French: I wish to confine my remarks 
to one or two points which seem to have an important 
bearing on the^ maximum carrying capacity of cables 
buried in the. soil. When studying the Tables 3 to 14 
for cables buried dipdctly in the soil (and also the curves 
shown on the screen) one is immediately confronted 
with the great importance of the soil resistivity, g. 
According to these tables -♦and curves the maximum 
current-carrying capacities of cables may be increased 
by 25 and even 50 per cent, the increase depending 
entirely on the resistivity of the soil surrounding the 
cables. A study of the curves giving g as a function 
of the moisture of the soil and the quality of the soil, 
shows that g may vary between 90 and 340 to 400, 
the^ figures also being quoted in Table 31 as the pro¬ 
posed British Standards or, rather, as the basis on 
which the British Standard cable loading will be based. 
On the other hand, sonrxh Continental writers on the 
subject quote 60 as a good average value for the soil 
resistivity. Therefore, the maximum current-carrying 
capacity of a cable is largely determined by g, which in 
tnm depends on the nature and moisture of the soil 
in which tke cables may be buried. I think that? this 
rather represents one of the troubles which may be 
experienced in the use of the tables mentioned. The 
engineer responsible for the design ^f tRe network 


naturally desires to work his cables at their best current- 
carrying capacities and he must therefore have the 
fullest information regarding the resistivity of the soil 
through which his cables will pass. The method adopted 
for the determination of g, wliile perfectly valid in itself, 
appears to me rather to give confined laboratory results 
than to furnish figures more in accordance with the 
actual local conditions of the soil in which the cables 
are laid. The guard-ring method rather limits the 
information on g to a few samples of soil. I have in 
mind an alternative method which was fifst proposed 
by Angstrom, and later modified by Fqrbes and Kelvin 
for the determination of the thermal conductivity of 
the earth’s crust; it is the method of periochc heating 
and cooling and can be made directly applicable tq the 
determination of the thermal conductivities or resis-’ 
^ivities. During the day the earth’s surface is heated, 
and during the night is cooled ; therefore a series of 
heat waves pass from the earth’s sufface to the interior. 
If the heat wave-length and its periodic time are known, 
the diffusivity (according to Kelvin the ritio of the 
thermal conductivity to the thermal capacity per unit 
volume) can be calculated, |Lnd from this the conduc¬ 
tivities and resistivities could be Reduced. If the 
periodic variations are uniform, and assuming that in 
any locality the soil may be considered to be reasonably 



388 


PERMISSIBLE CURRENT LOADING OF BRITISH STANDARD 


uniform, then the heat-waves passing through the Soil 
may be taken to be the same as with a bar periodically 
heated and cooled. Thermometers or thermo-couples 
■ buried at various depths would record the progress of 
the diurnal heat-waves; the wave-lengths could be 
determined and, assuming a simple ha^onic function 
of the temperature, the diflfusivity could be calculated 
for the expression K.= A2/(4w2’), where A = wave- 
lengrth, and T = periodic time of the heat-waves, and 
from this the resistivity could be found. This meijtod 
if standardized would lead to a far more universal 
investigation of g, and even provide the engineer with 
a means of conducting his own thermal survey of the 
soil through which his cables have to pass. When 
discussing the first report I pointed out the desirability 
of investigating the heating of cables with regard to 
the thermal time-constants, and so establishing data 
and a method by which the thermal characteristics of 
a cable could be predicted. I understand that the 
authors bave gone into this question, and that they 
»e reserving this question for a separate publication. 

I should therefore prefer to reserve any remarks which 
r may have to make on this point until I have had an 
opportunity of reading this further paper. 

Mr. J. W. J. Townley : One of the difficulties which 
I foresee m the use of the tables is the determination 
01 the -v^ueyf g, the thermal resistivity of the soil. 

+K f heavy clay soil, I think 

ttot the value of g might be^safely taken at 180, and 
It would be very desirable indeed if a table could be 

^alue for g for various 
«Jfo«ghout the United Kingdom. This work 
mi^ht weU be undertaken by the Local Centres, 
and could-be published with the tables so that an 
en^eer workmg in a strange'district would find in 

th! resistivity of 

^ h»o doubt wide variations in the soil^ 

^ on any particular route, but it will be necessary 
to dete^ne average values for everyday practice aS 
It should be remembered that the maximum-current 
in -Ik. „p« are on 

temperature-nses, so that the factor of safety is Mgh 
Another pomt which has occurred to me is Sat iSfe 
v^^e-drop conditions will aUow of cables bSg loaded 

Boxes, fuse pillars and other accessories wiU require to 

•Which the armourina is laif? • I “ 

■Sr'S 

this report is 

1905 and. 1906 ta assist “ly good fortune in 

t«sts carried oufin^t “ the original' 

-Pletion of these tests thSTSed^Se^^^^ 


to the work of the V.D.E. on the subject, as publi^ed 
in Science Adstracis, These tests were carried out on 
6 000-volt cables and no attempt was made to take into 
account the effect of moisture in the soilT but on plotting 
the figures obtained alongside the figures given in the 
paper a remarkable close’ agree*nent »s shown with the 
figures for g == 180. I have little doubt that the figures 
thut obtained have largely formed the basis*on which 
many engineers have worked for the past few years, 
with probably only a very slight idea of their origin! 
I cannot recollect any case of cables at this*loading 
having suffered any deterioration or danJage; I am 
aware of a 20 000 volt cable which had been run at 
much higher loading for long periods and which on the 
removal of a short length, not due to breakdown, 
showed signs of deterioration, the impregnating oil* 
having becoine dry and patchy. This may be looked 
upon as the beginning of the end, as hot spots and 
puncturing of the layers of paper may occur which are 
no longer .healed up by the action of the iiupreghating 
oil; even so, the cable will probablv last for many 
years, particularly if not overloaded. Have the authors 
experienced any similar cases ? With regard to the 
samples of soil tested, I believe th^se have been chiefly 
taken when laying new cables. Have samples also been 
taken ^ong cable routes where the cables are heavily 
loaded ? The tendency in such cases where "a certain 
^ount of heat is generated is to find the soil drier 
than IS otherwise the case. Have any te'sts been made 
^ong a hea.nly loaded cable route to determine the 
Tby taking simultaneous nterp^peratures 
of the soil immediately abdTve the cable and a short 

thermo- 

meters in each case being placed at equal depths in the 

in the 

ep(^ tile same as those which appeared in Scienw 

bunSt “ With refere&e to tlfe 

whpn 1 ^ of cables such as is often necessary 

SreSr,® " substation, a consider^ 

^ obtainedoby the careful 
telpnif same by interspersing pilot or 

Sire h f bet™ those 

eaJaWnciSL ^ Attention to such ^ point may 
1^2^ V of file cables bv 10 per cent 

In ^me ^es where excavation costs are high it may 

Sir"?^ cost o! e?ca- 

iid^wl oot alluded 

troughing which is then filled in with 

described as the ** ** j. cannot be 

valu^because it wiU helv^ 
tribution in a number of cases 

read some little time ^ ^ f' 

, ttme ago. I pointed out that in the 
Journal ■.1922, .vo 1. ’«», p. 
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majority of cases the application of the economic law 
of minimum total annual cost of distribution showed 
th^hthe economical current rarely reached the limiting 
value for the cable, but even so it is of value to know 
in every case the practical li^it of loading. Users of 
cables have to. ct)nsider in practice that their cables 
are laid in different soils and under different conditions, 
e.g. where they run in substations or pass through di?cts. 
It is usually impracticable to cut the cable and introduce 
a short Jlength of larger cable. Where the cooling effect 
is reduced in this way the possibility of introducing 
additional means of radiation is worth* considering. 
For example, the trench might be packed with some 
material of high heat conductivity, the cable might be 
fitted with radiating fi.ns, or water cooling might be 
adopted. There are many ways of dealing with this 
problem and our more accurate knowledge of the 
heating is of benefi.t. An accurate indication of the 
average temperature of a long length of cable is easy 


ratings and consequently the comparison 'may be of 
some use. The comparison is best made by considering 
the values of the thermal resistivity of the ground to 
which the ratings given in the I.E.E. tables correspond. 
One finds that for 11000-volt three-core 0*25 sq. in. 
cables the equivalent value of.^ is 230, increasing to 
340 in^the case of a 0*075 sq. in. cable. T'or cables 
smaller “^an 0*075 sq. iia. the etiuivalent value of g is 
greater than 340. Again, for 2 200-volt three-core 
cables, one finds that for a 0 * 25 sq. in. cable the equiva¬ 
lent value of g is 280, increasing to approximately 340 
for a 0*10 sq. in. cable. For sizes below 0*10 sq. in. 
the equivalent value of g is greater than 340. It is 
dear from these figures that, if the I.E.E. tables have 
been used for buried cables of the types considered, the 
loading has been well on the safe side for all but the 
worst conditions of the ground, from the point of view 
of thermal resistivity. With regard to the curves of 
maximum ground temperature, I should like to know 


Nature of Soils 

Nature of Surface 

State of Surface 

Date taken 

Depth taken 

Moisture 

Yellow clay, much sandstone .. 

Stiff clay. 

Shale and soft rock 

Stiff clay .. 

Clay 

Sandy soil and sandstone 

Sand and clay in thin layers .. 
Clay 

Sandy soil and sandstone 

Soil, ashes and cinders .. 

Soil, ashes and cinders .. 

Cjay and sandstone 

Stiff dark clay .. 

Clay with cinders and shale 

Dark clay and soil 

Dark soil and refuse 

Sandy clay and sandstone 

Soil and clay 

Flags 

Square sets 
Flags 

Flags 

Unmade 

Flags 

Flags 

Flags 

Flags 

Tarmac 

Ashes 

Flags 

Unmade 

Flags 

Square sets 
Flags 

Flags 

Flags 

Damp 

Damp 

Damp 

Damp 

Wet 

Damp 

Damp 

Damp 

Damp 

Damp 

Damp 

Damp 

Wet 

Dry 

Dry 

Dry 

Dry 

Dry 

22/11/21 
22/11/21 
1/12/21 . 
1/12/21 
1/12/21 
1/12/21 
23/2/22 
8/12/22 
8/12/22 
23/2/23 
23/2/23 
23/2/23 
3/3/23 
13/3/23 
13/3/23 
13/3/23 
13/3/23 
15/3/23 

3 ft. 0 in. 

4 ft. 0 in. 

1 ft. 6 in. 

1 ft. 6 in. 

1 ft. 6 in. 

3 ft. 0 in. 

5 ft. 0 in. 

4 ft. 0 in. 

2 ft. 3 in. 

2 ft. 3 in. 

1 ft. 9 in. 

1 ft. 6 in. 

1 ft. 8 in. 

2 ft. 6 in. 

4 iti 6 in. 

2 ft. 9 in. 

1 ft. 8 in.- 

3 ft, 6 in. 

Per cent 

13*7 

13*5 

13*5 

12*4 

25*0 

10*4 

18-4 

13*2 

9*7 
: 15*0 

30*0 
14*6 
14*6 
21*6 

19*6 

33*2 

13*0 

18*8 


to obtain, but the important matter is to determine 
the m^imum temperature at a hot spot. The research 
has brought out in an interesting way the relative 
cooliiig of cables laid at different depths.’ There has 
been a tendency to exaggerate the effect of laying cables 
ih deeper trenches. The report shows a comparatively 
small difference for practical depths, and even this 
difference may be substantially modified by the addi¬ 
tional percentage of moisture in the deeper trenches. 
The results should emphasize the fact that the grouping 
of cables in ducts is bad, not only on account of the 
reduced radiation, but also because of the smaller degree 
of safety in case of breakdown. 

^ Mr..W.JR, T-. Skinner: I have compared the figures 
giv^n by' the authors with those in the I.E.E. ^Miring 
Rules. Ihe'figures are not strictly comparable for all 
classes of cables and the I.E.E. tables were not intended 
for-buried cables,:but, in default of other loading tables, 
ti^e I.E;E. Wiring Rules have formed a basis for cable* 


whether it would not be an advantage to show the 
highest maximum temperatures occurring in the past 
12 years, instead of the average maxima, or whether 
this curve is covered by the two curves for the excep¬ 
tional years 1911 and 1921. I notice that the difference 
between the current-ratings for cables used gn systems 
with an earthed centre point and those used on systems 
with an unearthed centre point, is only some 4 per^^' 
cent at the most. In view of the fact that some 
^Speakers have already mentioned the possibility of 
simplifying the tables, if that diff^ence of 4 per cent 
is not justified by the assumptions oh which the tables' 
are based, could not the two sets of tables* be merged 
into one ? 

Mr. H. P. Bramwell^ {communicate^ i Since the 
publication-of the Preliminary Report, i have carried 
out a number of tests of th4 moistrflre content .of the 
soil in the Bradford district. The results are given 
above/tabulated in a form comparable with those for 
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the Newcastle district, given in Table 60 in the present 
report. These figures are not complete, and I am 
making further tests, as it will only be possible to make 
full use of the valuable information summarized in 
the report if one is able to plot a thermal resistivity 
(gr)/moisture content curve for the diSerent kinds of 


soil found iiv the district, and also to have a reliable 
figure to take as the average i2iinimum moisture content 
throughout the year. 

[The reply of Messrs. S. W. Melsom and E. Fawssett 
to this discussion will be published later.] 


North-Western Centre, at Manchester. 20 March. 1923. 


Mr. H. A. Ratcliff: Most of my mild criticisms 
on the Preliminary Report are still more or less applic¬ 
able to the present report. I then advocated starting 
with the super-tension cables on the principle of the 
greater including the lessej, for if we are satisfied that 
the 33 000-volt cables are safe the others may be said 
to look after themselves. The authors appear to have 
taken certain arbitrary values for the permissible working 
temperatures of the conductors, and two specific cases 
have been dealt with, viz. cables laid direct in the ground, 
and cables drawn into ducts. Having selected those 
^bi;^ary values, then, partly by calculation and partly 
by experiment, they have arrived at the loadings of the 
several cables which result in those conductor tempera¬ 
tures being attained. When the theoretical and experi¬ 
mental results did not agree they appear to have adjusted 
them until they did agree. There is no doubt that the 
first consideration is the maxinjum safe working tempera¬ 
ture ; that is really the crux of the whole matter, and 
the rest follows as a matter of course. I am inclined 
to think that in many cases the maximum safe tempera¬ 
ture will never be attained, because for other reasons 
the cables co]gcemed will never be loaded up to the 
values neefssary to produce it. No attempt is made 
in the report to define the maximum safe temperature, 
and I should be glad if the authors in their reply would 
give rather more detailed reasons for the selection of 
the particular working temperatures, viz. 66° C. and 
50° C., respectively. To what extent, in their opinion, 
do those temperatures allow for a reasonable factor of 
safety, such an*^ essential feature of sound engineering 
work ? The report contains a number of tables giving 
^e permissible loadings for all the cables scheduled 
in B.S.S. No. 7, and for various pressures up to and 
including 11 000 volts, but if the tables are examined 
carefully it will be found that in most cases the differ¬ 
ences between the loadings for the several pressures 
ar^very small. Such differences as occur appear to be 
within the limits Cf error which may naturally be expected 
to arise irqp. the many variables with which the authors 
have had to contend. In any case the variations for 
.^iifferent voltages are less than those resulting from 
. such a comparatively indeterminate quantity as the 
resistivity of the ground. The most notable differences^ 
are between the loacdings for the 2 200- and 3 300-volt 
cables laid direct in the ground, but, for some not very 
obvious reason, when the cables are in air there is very 
little difference between the loadings for the same two 
pressures. We have been laying 33 000-volt cables in 
Manchester for some years: When we first purchased 
them there were^very few data available relating to 
safe loadings and working temperatures, but from such 
data as .were available, and the results of experiments 


carried out at the cable makers' works, we arrived at 
the figure of 60° C. for the safe working temperature 
of 33 000-volt cables after allowing a margin for 
contingencies. The permissible loadings worked out on 
the basis of that temperature are very little different 
from many of the figures given in the report, having*' 
regard to the fact that we had no definite information 
relating to the resistivity of the ground. The following 
are typical values for the loadings of three-core, 33 000- 
volt cables: 0*1 sq. in.—165 amps.; 0*16 sq. in.— 
210 amps.; 0*26 sq. in.—280 amps.; 0*30 sq. in.— 
316 amps.; and 0*36 sq. in.—345 amps. Not having 
definite information as to the relative effect on the cable 
temperature of direct laying and drawing into ducts, 
it was decided to reduce the current density in cables 
drawn into ducts in the vicinity of 'the generating 
station and substations. In other words, the section 
of the cable was increased in those parti 9 ular positions. 
The most noticeable difference between ** duct" and 
direct laid " conditions referred to in ^the report is 
the arbitrary one of 16 deg. C. between the permissible 
working temperatures. This temperature difference is 
of considerable importance, because it appears to repre¬ 
sent a difference of about 12 per cent between the 
actual loadings of the cables under the respective 
conditions. The reduction in the maximufii permissibi^e 
temperature in the case of cables drawn into ducts 
appears to have been based mainly on mechanical 
considerations, and I should therefore like to have 
the authors' opinion of its applicability or otherwise 
to wire-armoured cables, since the best modem practice 
is to employ a wire armouring on lead-covered cables 
when they are to be drawn into ducts. On^ remarkable 
fact which emerges in this connection is that when 
cables are drawn into ducts tiie resistivity of the ^ound 
is more or less immaterial, and consequently the 
temperature conditions of the cable are the same over 
a comparatively large range of ground resistivity. 
Probably the most important feature of the report is 
the information relating to the short-time or emergency 
ratings, because as a rule in actual practice it is only 
under emergency conditions that cables are deliberqftely 
overloaded. Owing to the breakdown of a cable, for 
instance, it may be necessary^to overload other cables 
to a very considerable extent for an hour or two, but 
in view of the information given, in the report the 
risk attending such temporary overloading is negligible. 
The ultimate limits of loading will, I think, be fixed 
by considerations of either copper loss or dielectric 
loss, according to the working pressure«^of the cables. 
More information on the subject of dielectric losses is 
very desiraj)le, as at ]^resent we are somewhat in the 
dark as to their^causo and . effects, and, consequently/ 
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thefe is a tendency to make them somewhat of a bogy. 
One other limitation to tfie permissible loadings arises 
from the e£Eects»of contraction and expansion. At one 
time these effects were considered to be very troublesome, 
but I am inclined to the view that they are not so serious 
as is usually supposed, and the figures given in the 
regort h€^T ^hat out.'* I have come to the conclusion 
that many of the troubles due to contraction and 
expansion are the result of bad joints. Some recent 
experiments have shown that the ultimate strength of 
a well-made-*joint is comparable with that of the con¬ 
ductor, and therefore it is not very obvious why trouble 
should be expected with joints. The simplest joint on 
a three-core cable is the one made with plain sleeves 
pr sweating ferrules, and tests have shown such a joint 
to be strong enough for all practical purposes, provided 
that the ferrules are fitted with grub screws. Although 
they do not in themselves contribute materially to the 
strength of the joint, the grub screws are very essential 
because they serve to maintain the ferrules and the 
conductors in rigid and intimate contact during the 
period* when the solder is setting. The report contains 
much information relating to ground isothermals and 
temperature gradients, but only so-called virgin ground 
has been considered, and it would be interesting to 
know to jvhat extent the various curves and formulne 
are applicable to the ground in a large city under the 
road surface o^ which there is usually a miscellaneous 
collection of gas, water, and Post Office pipes, sewers, 
and even steam pipes and cellars. Another very impor¬ 
tant feature of the report is the experimental work 
relating to cables in multi-way ducts. The largest duct 
referred to is a six-way one, but I know of an 80-way 
duct, and I am at times inclined to wonder what are 
the conditions prevailing in the centre of such an 
extensile dpct line. I was rather surprised to see that 
the .three-core cables had the same temperature-rise 
when heated by the passage of either direct or alternating 
current. That result does not seem to be quite in ac¬ 
cordance with general experience. The usually accepted 
figure for the increase in the losses, due to the 
eddies in the lead sheath, is 5 per cent. It may be 
possible, however, that a 6 per cent loss in the sheath 
has nofe very much' effect on^the maximum temperature 
of the cores. In the case of single-core cables now used 
to a considerable extent for extra-high-pressure circuits, 
the effect of the sheath losses becomes of very great 
importance. A figure of 10 per cent has been put 
forward for sheath losses in such cases, but actually 
it depends to an enormous extent on the spacing between 
the separate conductors. Recent experiments have 
shown that a sheath loss equal to 15 per cent of the 
core loss is about normal for close spacing, but the 
value rises very rapidly as the spacing is increased 
beyond 6 inches. 

Mr. W. J. Medlyn: The report deals with difficulties 
caused *by the expansion and contraction of power 
cabjes;*due primarily to the heating effect of the currents 
transmitted. I understand that cases occur where 
power caBles Ihid in pipes or ducts on a slope have a 
tendency to slip downhill when they expand, with the 
result that they are heavily strained at the upper end 
each time that contraction takes place on cooling. 


after the current is shut off or reduced in strength; 
and, apparently, repetition of the strains may cause 
fracture of the cable. No doubt such cases have come 
under thd notice of the authors, and it would be inter¬ 
esting to know whether any satisfactory method of 
overcoming the difficulty has been devised. In this 
connection I should like to mention one point where 
there is ^ome relationship between power cables and 
telephone cables. In a few cases in the Manchester 
and Liverpool district some of the lead-covered trunk 
telephone cables, measuring about 3 inches in diameter, 
laid in stoneware ducts of the type illustrated in Fig. 20, 
have shown a tendency to creep after the jointing has 
been completed. The joints in these cables are^made 
in manholes in which the dujcts are terminated. In a 
number of cases the pull has been sufficient to stretch 
the cable and force the joint into one end of the duct, 
thus causing the lead sheath to be fractured. The 
cases have generally occurred, not on pronounced 
slopes, but on fairly level ground. The exa'Ct cause of 
the trouble has not been definitely ascertained, but 
probably it may be due partly to temperature varia^oi3, 
and partly to the effects of the vibration caused by 
road traffic, the cable movement being generally in the 
same direction as the traffic on the particular side of 
tbe road concerned. The heating effect of the minute 
currents passing through the cable is, of course, negligible, 
and the temperature variations must therefore be due 
to atmospheric changes in the different seasons of the 
year. From conductor-resistance tests which have been 
made on some of the telephone cables in Lancashire 
it is calculated that there was a temperature variation 
of something like 11 deg. F. to 14 deg. F. as between 
summer and winter. In one case the temperature 
indicated on a thermometer placed in a duct 10 yards 
from the manhole was 65® F. in August as compared 
with 46® F. in November, a difference of 19 deg. F. 
I should be glad to know whether the authors, in the 
course of their rese^ch work, have included any observa¬ 
tions of temperature effects in underground cables 
due to ordinary atmospheric changes, and, if so, how 
their figures compare with the results, which I have 
mentioned. 

Mr. A. B. Mallinson: The authors have referred to 
three systems: Cables laid in the air, cables laid in 
ducts, and cables laid direct in the ground. Under 
what rating would they classify cables laid solid in 
bitumen in wooden troughs, and .cables drawn into 
fibre conduits ? Are these to be classified as cables 
laid direct in the ground or as cables drawn into ducts ? 
Have the authors done any experimental work on cables 
of different makes ? It is only natural to assume that 
different makers sometimes employ different insulations, 
and that will have an effect upon the figures given in 
the report. On page 537 the inteffesting fact in cable 
laying is referred to, that in many cases a cable trench 
will for years act as a drain for the smrrounding country. 
This is not often realized. It is very refreshing to hear 
the authors speak of cables loaded up to the limits 
permissible by heating. At a recent meeting at this 
Centre the advocates of automatic substations com¬ 
mented on the fact that most cables were not nearly 
fully loaded, and that th^e was no . fear of them 
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getting hot for reasons other than the current loading 
of the cables. 

Mr. B. Lakeman; I shohld be glad of some further 
information in regard to Tables 3 to 27. I am surprised 
that in fhe report the loadings of cablejs in the ground 
and in air are based upon two distinct temperature- 
rises, viz. 50 deg. C. and 35 deg. C. Do the' authors 
propose to reduce the results to a comn^on basic 
temperature-rise when issuing the final form of the 
results of their experiments ? I consider that *'the 
usefulness of the tables would be thus enhanced. 

Mr. A. R, Porter: Mr. Ratcliff has mentioned 
80-way ducts in Manchester; these, I think, consist 
of so single-way fibre conduits laid in concrete. I 
should imagine that with a nest of single-way ducts 
laid either direct in the ground or in concrete, the 
temperature-rise would be much less than in the case 


of the multfple ducts illustrated in the report. ' In 
the former case there is a much greater space between 
the ducts than is afforded by the comparatively thin 
walls of multiple stoneware, and it seems possible that 
practically the conditions giv^ for a single-way duct 
line may be approached. It is known that a sudden 
an<|. intense rise of temperature due to a short-circuit 
may be rapidly conducted throughout a multiple duct 
similar to that illustrated, tending to destroy the other 
ducts. I believe that this is not the case with the 
nest construction mentioned, and it the?refore seems 
probable that the conditions of temperature-rise would 
be similarly modified. Have the authors carried out 
any tests of these conditions 1 

[The reply of Messrs. S. W. Melsom and E. Fawssett 
to this discussion will be published later.] 


South Midland Centre, at Birmingham, 4 April, 1923. 


Mr. A. M. Taylor: In the investigation, in Appen¬ 
dix Hit upon the relation between thermal resistance 
and electrostatic capacity, the comparison between the 
experimentally determined electrostatic capacity and 
the capacity as determined by RusseU's formula and 
also by Mie's formula, and the investigation of its 
relation to the thermal resistance of the cable, are 
particularly interesting. In a recent paper * I pointed 
out that the reciprocal of the capacity (termed by 
Kara.petoff the ^ elastivity ”) is related to the geo¬ 
metrical dimensions of the cable in a precisely similar 
way to the^th^mal resistance, and I am glad that the 
authors emphasize this point. The remarks on page 541 
relating to the difference between the expansion of 
the armoi^g, of the cable and that of the lead sheath¬ 
ing of the copper would indicate that there are forces 
tending to buckle the copper conductor directly a 
point of minimum mechanical strength is reached. 
This would occur where the cable approached a junction 
^x, and might take place in the junction box itself. 
In one case which came to my notice the copper had 
been quite crushed up and forced into connection with 
the box itself by this action. The tremendous forces 
that obtain must result either in the armouring being in¬ 
ordinately str^ed or the copper being unduly com¬ 
pressed, ^ and. it is not inconceivable that, due to the 
worming of the ^ee copper conductors, a tendency to 
sudden bending might occur in parts of the cable itself 
which would be^ sufficient, even though unnoticeable, 
to crack the insulation and start a weak point 
-which would develop into a fault. This points to the 
advantege of. if possible, doing without the armouring 
altogether, a course which was adopted in the Genne^ 
vilhere. cables. I should like some more information 
on the subject of six-conductor cables, particularly of 
the aze owsisting of six 0-185 sq..- in. cdres used as 
a split-c»nductor cable,, corresponding to an aiea (per 
phase) ^ 0-37 sq. mch. Several such cables were used 
on the.BMgh^ systen! and, any information as to 
the- possibihties of , increased current-carrying capacity 


would be mosti-welcome. In Table 16 a current of 
328 amperes is given for a 0-25 sq. in. cable (concentric 
and armoured), while in Table 21a current of 344 amperes 
is given for a precisely similar cable, with the difference, 
however, that the latter was insulated for ILOOO volts 
whereas the former was insulated for only 660 volts. 
One would have expected that the thermal resistance 
of the 11 000 volt cable would have, been much higher 
than that of the 660 volt cable, demanding a very 
much smaller current, rathej^ than that a larger current 
would have been permissible. Will the authors explain 
this pomt ? In Table 28 a figure of 620 is given for 
the resistiAdty of cable No. 3, and a figure of 1C60 for 
the resistivity of cable No. 4. There seems to be no 
obvious reason for this great difference. 4-gain, it Is 
stated on the same page that " examination of the 
experimental values for different tjrpes of cable showed 
that generally the lower-pressure cables had a tharru al 
resistivity somewhat greater than the’’higher-pressure 
cables," and the remarks that foPow se^ to suggest 
that this is due to questions of cost.; I should like to 
know whether it was in any way due to '!he fact that 
TOth the higher insulations there was a much greater 
dKtance through which impregnation had to take 
place, and whether the impregnation was possibly less 
perfect in the higher-voltage cables. In Table 39 the 
figure of 172 amperes is given for the safe .current for 

^ ^ ^ would remind the authors 

that m Table 2 of the previous report the safe current 
tor a precisely similar split-conductor cable was given 
as. 284 amperes per core. I think that the latter figure 
was probably wrong, but I should like to know for 
certain lhat. this is so, as the< discrepancy is otherwise 
v^ senous. On page 546 it is stated, in dealing 
with tnple-concentec cables, that if the load were 
^umed to be carried by the two inner conductors only, 
tte current for a given temperature-rise would be 
5 per cent less, than that for the " equivalent» size of 
conMntac cable- with two conductors only., What 
would have been the result if the innermost and outers 
most conductors had been considered. , ihe intermediate 
conductor carryirjg no current? I am interested in 
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a c3.ble in which varying currents are carried in the 
different -intersheaths, and my impression is that the 
greater the amount of heat that can be liberated to¬ 
wards the circumference of the cable, the lower will 
be the temperature of<,>the innermost core. The ex¬ 
pression e<juivalent ’’ used by the authors should 
also be defined. Do they mean by this the same cxpss- 
section for each of the two '' outer ” cores, or a cross- 
section such that the same power can be conveyed 
with the same total amount of copper at an equal voltage 
across the ‘'^outers ** 7 In Table 1 are given particulars 
requiring further elucidation, and I am of opinion 
that the figures in heavy type, viz. 340, 180, 120 and 90 
should preferably be, 227, 120, 80 and 60. I should 
,like to see Equation (7) (page 523) extended in such 
a manner as to embrace triple-concentric cables in which 
there are various relations between the current in the 
central core and those in the outer cores. 

Mr^ H. iJV. Blades: It is very interesting to note 
jErom actual tests that there is no appreciable increase 
of heating in a three-core cable when loaded with three- 
phase^ current of varying periodicities, as compared 
with that occurring with direct current. One would 
naturally expect thlt the skin effect and the eddy 
currents in the lead sheath would have affected the 
results of the test to a certain degree. In dealing 
with the expansion of cables, an instance occurred a 
short time agoiwhere a number of cables under abnormal 
war conditions gradually slipped for a distance of 
4 ft. down a long gradient for a total distance of approxi¬ 
mately SOO yards, but by^ taking advantage of the ex¬ 
pansion of the cable when loaded, and by means of 
suitable clamps and straining devices, these cables were 
persuS-ded to creep uphill against the stiff gradient 
until they -vjjere back again in their original position. 
This was^ of course, accomplished whilst the cables 
were carrying full load. On page 541 it is stated that 

a cable drawn into a duct is free to move lengthways 
along the duct and cause injury to the lead by abrasion.'' 
From observafions and tests on a large conduit system 
the chief trouble vias found to be, not so much the 
question of the abrasion of the lead in contact with 
the duct, blit how to accommodate the expansion of 
the cables and so prevent ripples in the lead and cracked 
plumbs, etc., in the joint pits. The linear expansion 
resulted in a longitudinal movement of the cable at 
the bell mouth, but by suitable bends in the cable at 
the joint pit this longitudinal movement was changed 
into a lateral movement of the joint box. The joint 
boxes are mounted on special cradles, and these are 
fre^ to move in a transverse direction. Tests showed 
that these joints were in a state of continual movement. 
These joints have been working successfully for several 
years in this manner ai?«i there are no signs at all of 
the deterioration of the lead. 

Mr. W. E. Groves : The information in the report 


is exactly what the mains engineer needs. It is most 
useful in stating concisely the factors to be reckoned 
with in assessing the ratirfg of cables. Although the 
effects of the various conditions or circumstances of 
cable-laying are,^in most cases what were to be expected, 
the precise information is most useful in. fixing the 
degree 6f importance to be given to eacli governing 
factor, j^n some instancies, however, the experiments 
give results which are not only enlightening but also 
qufte unexpected. As the permissible current loading 
is generally governed by the maximum temperature 
which can be attained without damage to the dielectric, 
it is hoped that more definite information will be forth¬ 
coming on this point. Meanwhile, the limits given 
will be in the mind of the-nengineer, who will realize 
that they must necessarily be safe as they are stated 
to be permissible in a report to which great weight 
will be attached. The thermal resistivity of the dielectric 
wfil obviously be constant throughout a ckble length, 
but in considering a long run of main the ^fe loading 
will, from the point of view of thermal resistivity, depend 
on the worst patch of ground that it passes threngljL. 
Consequently, in determining the load rating of the 
cable before laying, the least favourable conditions 
must be assumed. In this connection, one would 
expect that the nature of the paving would affect the 
moisture content of the ground. Modem methods of 
treatment of roadways render the surface practically 
impervious to moisture, and the surface water is much 
more thoroughly drained to the sewers. It is interesting 
to note that the mechanical strains due to expansion 
are considered among the limiting factors. Considerable 
ingenuity has been brought to bear onith^ countering 
of these effects and it is to be hoped that ultimately 
the permissible temperature will be limited solely by 
the effect on the dielectric properties of the^ insulation. 
This limitation due to expansion is emphasized in the 
writing dpwn of the permissible temperature of cables 
in conduits by 15 degrees C. in order to avoid abrasion 
of the lead. This appears to be hardly justified if the 
internal surface of the conduit is smooth and well- 
lubricated when the cable is drawn in. At any rate 
it seems too high a price to pay and one would rather 
risk a“ little, as the damage would be more local than 
that caused to the cable by overheating of the dielectric. 
Conduits are an unfortunate necessity in many cases 
and it is both interesting and surprising to learn that 
the experiments show that the temperature of % the 
cable is not materially affected by the relative dimensions 
of cable and conduit. The publication of^the results 
of exhaustive research, and formulae for calculating the 
effect of practically all possible conditions of Inains 
laying, should result in more scientific practice than^ 
Ws hitherto obtained. 

[The reply of Messrs. S. W. Mels^m and E. Fawssett 
to this discussion 'will be published later.] 
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REPORT. 

The Council, at the Fifty-first Annual General Meeting 
of the Institution of Electrical Engineers, present to 
the members their Report for the year 1922—23, 
covering approximately the period 1 April, 1922, to 
31 March, 1923, and, in doing so, desire to,put on 
record their gratification at the continued progress of 
the Institution. 


(1) Bye-Laws. 

The Bye-Laws for the Chartered Institution which 
were approved ^.t a Special General Meeting of Cor¬ 
porate Members held on the 23rd March, 1922, received 
the sanction of the Lords of the 2 ?rivy Council on the 
1st June, 1922. Members who have not already 
received a copy can obtain one on apphcation to the 
Secretary. 


(2) Liquidation of Old Institution. 

The process of transferring to the Chartered 
Institution the property of the old Institution, including 
the trusts in connection therewith, has proved more 
protracted than had been anticipated, chiefly ^wing 
to certain provisions in some of the trust deeds 
necessitating, on the dissolution of the ola InstitutioiCi 
steps being taken to ensure that these trusts and the 
ben^ts under them should pass to the Chartered 
Institution. For that reason, the final winding-up 
must necessarfiy be postponed a shoft time longer 
until the whole of these trusts ancj, benefits have been 
transferred to the new Institution. 


(3) Membership or the Institution, 

The changes in the membership since the 1 st April, 
1922, are shown in a table which wiU be found in 
Appendix. A. 

The following table shows the growth of membersldp 
for the last few years:— 


Ymt 

1913 

Membership 

7 084 

Increase or 
Decrease. 

1914 

7 045 

«... 

39 

1916 

6 811 


234 

1916 

6 676 


135 

1917 

6 613 


63 

1918 

6 667 

+ 

54 

1919 

7 023 

+ 

356 

1920 

8 146 

Hh 

S 123 

1921 

2 449 

“f* 

1 303 

1922 

10 275 

+ 

826 

1923 

AO 911 

+ 

636 
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It will be seen from the above that, whiie the decrease 
in membership during £he war period was 471, the 
increase since the war has amounted to 4 298. 

The Council have noticed with satisfaction the 
practice of some emploj’-ers'^of stipulating Corporate 
Membership^ of the Institution as a qualification for 
vacant ''positions, 5nd urge its adoption by, all 
employers. 

(4) Examinations. 

The Associate Membership Examination was held 
in April and October, 1922, in London, Chatham, 
Birmingham, Manchester, Newcastle-upon-Tyne and 
Cardiff, and also abroad in New Zealand, South Africa 
and Australia. The candidates examined included a 
number of officers of the Corps of Royal Engineers 
who sat for the examination for the purpose of 
qualifying for Engineer Pay.'* 

A Certain number of candidates submitted theses and 
rtipapers during the year in lieu of the examination. 

For the purpose of qualifying for “ Signal Pay,*’ 
Officers of the Royal Corps of Signals were examined 
by the Institution, in the '' Theory of Electrical 
Military Signalling ” at the Signal Service Training 
Centre, Maresfi-eld Park Camp, Sussex, in August, 1922, 
and February, 1923. 

(5) Honorary Members. 

•The Courw:il have pleasure in» recording that, as 
announced at the Ordinary Meeting of the 16th Novem¬ 
ber, 1922, they have elected Professor John Ambrose 
Fleming, M.A,, D.Sc., F.R.S., to be an Honorary 
Member of the Institution. The number of Hortorary 
Members no_w stands at 10. 

(6) Honours and Distinctions Conferred 
ON Members. 

Since the last Annual Report the following honours 
have been conferred on members:— 

Baronetcy. 

Drummofid, Brig.-Gen. H. H. J., C.M.G. (Associate). 
Sutton, George (Member). 

E.B.E. 

Lewis, H. D. W. (Member). 

Bjiighthood. 

Hughman, E. M. ’(Associate), . 

Manville, E., J.P., M.P. (Member). 

C.B. 

Wray, Capt. T. H. Roberts, O.B.E., R.N.V.R. 
(Associate Member) . 

C.V.O. 

Hussey, Major W. C., R.E. (Associate). 

(7) Faraday Medal. 

To commemorate the 60th anniversary of the 
foundation of the Institution (under the name of the 
Society of Telegraph Engineers) the Council decided 


last year to establish a Faraday Medal ” in bronze 
to be awarded by the Council not more than once a 
year for " notable scientific or industrial achievement 
in Electrical^ Engineering or for conspicuous services 
rendered to t]je advancement of Electrical^ Science 
without restriction as regards nationality, country of 
residence or membership of the Institution.” 

The Cpuncil selected fbr the first award of the medal 
Mr. Oliver Heaviside, F.R.S., who, unfortunately, 
owing to ill-health, was unable to attend a meeting 
of the Institution to receive the medal, which was 
personally presented to him by the then President, 
Mr. J. S. Highfield, at Torquay on the 9th September, 
1922. 

The second award of thet» medal has been made by 
the Council to the Hon. Sir Charles Algernon Parsons, 
K.C.B., F.R.S. 


(8) War Memorial. 

The unveiling and dedication of the War Memorial 
in the Institution Building in memory of the mem^bers 
of the Institution who lost their lives in the War 
of 1914-18 took place on Wednesday afternoon, 
28th June, 1922. The Memorial is in the form of 
two bronze panels, containing the names of 162 faUep. 
members, designed by the Institution’s architect, 
Mr. H. Percy Adams, If.R.I.B.A., and modelled by 
The Birmingham Guild, Ltd., and fixed respectively 
on the East and West walls of the Entrance Hall. 

A full account of the ceremony is contained in the 
Journal, vol. 60, p. 948. 

The War Memorial Book containing the biographical 
notices and portraits of the fallen members will, it 
is hoped, be published in the course of the year. 

Out of the balance of the above Fund it has been 
decided to establish two scholarships, efch of the 
value of £50 per annum and tenable for three years, 
to provide for the education of children Of those 
members of the Institution who were killed or 
permanently disabled in the War. 


(9) Deaths. 

The Council have to deplore the death of the 
following 48 members of the Institution during the 
year. 


Honorary Member, 

Bell, Professor Alexander Graham. 


Members. 


fclaremont, E. A. 


Craig, J. H. 

Darby, J. C. H. 

Dewar, Prdl. Sir James, 
M.A., F.R.S. 

Fraser, J. 

Gavey, Sir John, C.B. 
Godfrey, W. B. 


MiUer, H. W. . 

Robins®n, M. H. 

Sharp, S. 

Suckling-Baxon,»A. I. 
Talbot, F. F. 

Trouton, F. T., M.A., 
D.Sc., F.R.S. 

Ward, G.b. 

Webb, G. R., M.B.E. 


Kapp, Prqf. Gisbert. 


WilHs, R. H, 
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Bates, W., O.B.E, 
Bish, G. J. 
Bradbury, R. H. 
Clunas, J. F. 
Bobson, J, • 
Emmott, H. 

Gill, D. 

Healy, L. T. 
Jephson, R. p. 


Associate Membeys. 


Walter, 


Kirk, M. 
McAlonan, D. 
McKee, F. J. 
Martin, J. 
Mitchell-Cocks, J. 
Ogjilvie, W. 
Roberts, P. A. 
Stobie, H, E. 
Thomas, G. T, 

L, H., M.A. 


HoUinrake, J. S. 


Ablett, L. 
Ash, R. H. H. 


Graduates. 

Palmer, W. G. 

Students. 

Cox, W. L. 
Bavis, G. C. C. 
Langley, H. W. 


Associates. 

members^:— ^ ioUowing distinguished 

Professor (^isfeert Kapp rMemh6>r 
1889-1891 18q^-^SQft^?'l, • Council 1886, 

Local ^07 M 1 Birmingham 

1909); lS?2sor A7.I President 

Member 1877 and Honom^ MeSSll“i3)®®Mr 

• Wi' C"oi 

Member 188i). E-R.S, (elected 

(10) Institotion Building. 

use' of the continued 

(11) Meetings and Papers. 

oonferenc^Md°d^g^^ p^^f meetings and 
of papers read-, lec?S 2c S ® 

<iixes B and C ■' to C Rjport!^'' 

to tte222^M dS-otio?by memb^ 
of .tteir time and expert iJowlS^to <2® 
vanous Committees. ***‘»^^eoge to the work of its 

soon as possible thereafte^ ^ General Meeting, or as 


(12) Ordinary Meetings. 

at?hi2®Tr®1°“® consistently maintained 

in the^pasr^ sppntaneous than 

ihai£ T'th best 

- , the Institution to^ tbe R/'arious spahkers 

disTOS^2f experience at the 

ais^s^ of their fellow members by readirte nanars 
or taking part in the discussions. ® ^ ^ 

2 ® attendances at the meetings, the 

of the and Sub-Centres 

Of the Institution, the same paper is reao at several 

?anv?^®2 ““favourably on the attendance 
of “acting, a result which, in the Cass 

the^Sm. consideration in 

(13) Local Centres and Sub-Centres. 

In£ttS)n‘^2b® tbe Bye-Laws of the Chartered 
designation of '‘Territorial 
t 2 _bas been changed to "Local Centre.” 

=++ Bsports qf the various Centres show that th« 

satisfSo2.“ 

CeS22f 1 , PresideSt paid visits to the 

L^2 ivrf ®^^gbam. Bristol. Dublin. Glasgow, 
ttie Sub^2^®®2 Newcastle-upon-Tyne, and to 
brough and SeffielJ’"®'^®®^' Loughborough, Middles- 

peti22®J®t22™"^' *be CouncU granted a 

JT pS S ^ at Liverpool. 

m place of the former Sub-Centre. 

U4) Technical Libraries for Local Centres. 

tecW.2r2 fbe Session to supply 

2sW f2®®2 to any Centre 

‘I” '“Ota 

remammg the property of the Institution. 

(16) Local Honorary Secretaries Abroad. 

Electrical X ?■ Amencan Institute of 

for t2 UnftTo??’ Honorary Secretary 

£ G S. “ place of the late 

appointed Mr. M. L. Kristiansen 

s22<JTbe ? 2 Government SfeS 

service, to be Local Honorary Secretary for Norway. 

(16) Wireless Section 

eiaS^r?®^®®" *be Institution has held 

eight meetmgs. at which nine,papers were read. 

(17) Informal Meetings 
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Tile Annual Smoking Concert was greatly enjoyed 
by the large audience which attended, and the Benevolent 
FuhJi has benefited by the proceeds. 

(18A Students' Sections. 

The number of Students on the Register of the 
Infititutioft has reached a record total of 2 869, repre¬ 
senting 26 per cent of the total membership. 

A very full programme of meetings, visits to works, 
and sbcfial functions was carried out during the Session 
by the eight Students’ Sections now in existence, 
viz. in London, Birmingham, Glasgow, Leeds, Liverpool, 
Manchester, Newcastle and Sheffield. 

Addresses to the London Students’ Section were 
•given bf the President and Mr. C. H. Wordingham, 
C.B.E., Past-President. 

A Students’ visit to Cardiff and district, organized 
by the London Students’ Section, took place from the 
24th to ttfe 28th July^ 1922. The following works 
were visited: The Melingriffith Tin Plate Works, 
Messrs. Vivian’s Plafod Copper Works, Messrs. Baldwin’s 
Landore Steel Works, The Britannia Colliery, The 
Barry Docks (G.W. Rly.), Messrs. Lewis and Mayer’s 
Cement Works. 

The Council have cordially thanked the firms named 
for the cdurtesy shown by them on the occasion, and 
for the facilities afforded, which very materially helped 
to make the visit an acknowledged success. 

The Council have also thanked Mr. J. H. Reyner 
(Honorary Secretary, London Students’ Section) for 
his valuable work in organizing the visit. 

(19) Scholarships. 

The following Scholarships have been awarded by 
the Council:— 

David Hughes Scholarship, 

(Value £40 ,* tenable for one year.) 

W. H. M. Hellier (University College, Cardiff). 

Salomons Scholarship. 

(Value £^0 ; tenable for one year.) 

A. H. Mafgs (Bristol University). 

Paul Scholarship. 

(Value £50; tenable for one year.) 

C. A. Wiick (Finsbury Technical College). 

War Thanksgiving Education Research Fund {No. 1). 

A grant of £100 for educational purposes has been 
made this year by the Council under the provisions 
of tJae Trust Deed to R. H. Holmes (Armstrong 
College, Newcastle-upon-Tyne). 

(20) Conversazione. 

The Annual Conversazione was held at the Natural 
History l^fuseum. South Kensington, London, on the 
29th June, 1922, when there was a record attendance 
of c^’er 1 700 members and guests. 

(21) Annual Dinner. 

The .Annual Dinner was held at the Hotel Cecil, 
London^ on the 6th February, 1923, the members 
and guests present numbering 450. : , 

VOL. 61. 


A message was received from H.R.H. The Prince 
of Wales regretting his inability to be present, and 
.among the distinguished guests present were the 
following who spoke : The Rt. Hon. Neville Chamber- 
lain (Postmaster-General), Sir W. Jo5mson-Hick5, Bart., 
M.P. (Parliamentary Secretary to the Overseas Depart¬ 
ment of the Board of Trade), and Sir Arthur’Colefax, 
K.B.E., X.C. 

Ap account will be found in the Journal, vol. 61, 
p. 400. 

(22) Summer Meeting. 

The Summer Meeting in Scotland, admirably organized 
by the Committee of the Scottish Centre, took place 
from the- 30th May to the 2nd June, 1922, and was 
very successful. A .short account of the meeting will 
be found in the Journal (1922, vol. 60, Institution 
Notes, p. 26). 

(23) Portraits of Past-Presidents. 

The Council have arranged for a complete se-fc, of 
enlarged photographs to be made of the Past-Presidents 
of the Institution. These, suitably framed, will be hung 
in the Institution’s rooms as soon as the collection is 
complete. 

(24) Convention of -American Institute of 
Electrical Engineers at Niagara. 

At the above convention held at Niagara from the 
26th to the 30th June, 1922, the Institution was repre¬ 
sented by Mr. A. P. M. Fleming, C.B.E. 

(25) Associazione Elettrote'cnica Italiana. 

Signor Guido Semenza, the Institution’s Local 
Honorary Secretary for Italy, represented the Institution 
at the celebration of the 25th Anniversary of the 
foundation of the Association last September. 

(26) Koninglijk Instituut Van Ingenieurs. 

Similarly, the Institution was represented by Mr. 
P. V. Hunter, C.B.E., at the celebration of the 
75th Anniversary of the foundation of the Royal 
Institute of Engineers at The Hague. 

(27) Library, 

During the year 235 books and pamphlets have 
been presented to the Reference Library by® members 
and others. A marked increase in attendance is 
recorded, the total number for the year being 2%26, 
of whom 125 were non-members, as against the previous 
iSghest yearly total of 1 661 in 1915-16. 

The Council have pleasure in recording a continued 
increase in the circulation of books from the Lenchng 
Library. During the year 2 213 were issued to 814 
borrowers, the corresponding numbers for the previous 
year being 1 450 and 564 re^ectiviely. 

(28) Museum. 

After carefully considering the question of exhibiting 
the historical apparatus, particularly the larger appar- 

41 
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atus and heav>^ machinery, the Council decided, in 
\iew of the limited space available in the Institution 
Building for this purpose, to offer to loan the collection, 
or such part of it as would be acceptable, to the Science 
Museum, South Kensington. The offer has been 
accepted and a considerable portion of the historical 
objects has now been transferred to the Science 
Museum. 

By exhibiting the apparatus in a public Museum 
the Council feel that it will receive wider publicity, 
especially taking into consideration that a considerable 
number of the transferred objects would otherwise 
have had to remain stored in the basement of the 
Institution for an indefinite period. 

In view of this arraligement the Council can in 
future accept apparatus only on the understanding that, 
on the recommendation of the Museum Committee, it 
may be transferred on loan to the Science Museum'. 

The following objects have been presented during 
the past year, and the Council desire to express their 
thanks to the donors :— I 


Vacancies may also be reported to the Honorary 
! Secretaries of Local Centres. and Sub-Centres, who will 
at once report such vacancies to the Secretary oVthe 
Board at the Institution offices. 

(30) The Journal of the Institupion. 

The number of pages in the 1922 Volume was 1 002 
(excluding 18 plates of half-tone illustrations), as com¬ 
pared with 852 pages in 1921. The large in«^rease in 
the number of pages was due to the Special Number 
of the Journal containing an account of the proceedings 
at the Commemoration Meetings held in February, 
1922. 

The net cost of printing and publishing the Journal 
in 1922, after allowing for sales, was £4 604, as com¬ 
pared with £4 936 in 1921. This reduction is all the 
more ^atif 3 dng when the large increase in the number 
of copies and the amount of matter printed is taken 
into account. 


List of Apparatus, 

Four examples of Navy 
telephones. 

A collection of obsolete 
telegraph and telephone 
apparatus (14 objects). 

A Holmes arc lamp dis¬ 
mantled from South 
Foreland Lighthouse. 

An Ayrton-I^rry magnify¬ 
ing spring voltmeter. 

An AyTrtqn-Perry magnify¬ 
ing spring ammeter. 

An A^Tton-Peiry motor. 

An AjTton-Pgrry perma¬ 
nent magnet ammeter. 

An Ayrton-Perry perma¬ 
nent magnet voltmeter. 

A Serrin arc lamp. 

A Lorain contact-box. 

AcoUection of early tele¬ 
phone apparatus (21 
objects). 


Presented by 

The Lords Commissioners 
of the Admiralty. 

The Engineer-in-Chief of 
the General Post Office. 

The Elder Brethren of 
Trinity House. 

The Delegacy of the City 
and Guilds (Engineering) 
College. 

The Delegacy of the City 
and Guilds (Engineering) 
College, 

Professor T. Mather, F.R.S. 
Professor T. Mather, F.R.S. 

Professor T. Mather, F.R.S. 

TheCommitteeoftheLiver- 

pool Public Libraries. 

C. Owen Silvers. 

F. G. C. Baldwin. 


(29) Electrical Appointments Boarn. 

increase*iQ*^^^^^**^ a gradual 

and the Secretary of the Boa w offices,, 

into touch 

pr^cally aU engineers in 

The Council I ^ profession. 

^ a position to assist ^ not who are 

Regisl^, to make use of the 


(31) Advertisements in the Journal. 

The Council's intention of publishing in the Journal 
a Classified Index of British Manufacturers, which was 
referred to in the last Report, could not for a number 
o reasons be proceeded with, but in reconsidering 
e position the Council felt that it was in the best 
interests of the Institution to revert to the practice 
^ until 1913 of publishing advertisements 

^ beginning was accordingly made 
with the March number, and the Journal will in future 
contain advertisements. 

(32) Science Abstracts." 

to-record the 
wItTi, Walter. M.A., 

^®“ of Science Abstracts since 

Mr W B Council Jiave appointed 

coS.^?^®^ Abstracts for 1922 

1 b“°^® P^^®® for 1921, and 

8 more pages. 

cost of towards the 

£1 oa <5 a Science Abstracts in 1922 was 

^ not^.nT^’r'^ This increase 

part of the year, but 
T the large amount of belated 
Continent after the 

Ss ■ relict “ 

also tXn + ™**®® Management-have 

Abstracts so thif+ +1^ ^^^^ease the revenue of Science 

(33) Wiring Rules. 

1.51^ ? ^ ““S' ^VCTgmcUs of Vi«w Uid- tin 
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(34) Model Conditions for ContiJacts. 

Xb-e Council have appointed a Committee to prepare 
Model Conditions of Contract for:— 

(a) V Home orders when ao erection is included 
in the contract; 

(J) “ Ex'port orders, with or without erection. 

The above are still under consideration by the Com¬ 
mittee and, it is hoped, will shortly be published. 

(35) British Electrical Proving House. 

The Committee appointed by the Council to report 
on the question of setting up a National Proving’ 
House for the testing of electrical goods and materials 
have not yet completed their Report, Some progpress 
has been made with the preparation of a scheme for 
the purpose, and other bodies interested in the matter 
have b^en consulted. 

(36) Voluntary Registration of Electrical 
Contractors. 

A scheme to give effect to the above has been 
prepared by the Committee appointed for the purpose 
and has been approved by the Council. The scheme 
provides for a Registration Authority consisting of 
nominees of the Institution and of interested bodies j 
which will cany out as a separate body the regis¬ 
tration of Electrical Wiring Contractors. 

% 

1[37) Electricit'^ Regulations. 

The Regulations Sub-Committee of the Power Lines 
Committee has been given the status of a Committee 
under the name of the Electricity (Supply) Regulations 
Cojpmittee, ard. as a consequence the original Power 
Lines Committee, together with its two Sub-Committees 
(Wayleaves and Factors of Safety), has been dissolved, 

A set of draft Regulations for Low and Medium Pressure 
Overhead Line^ prepared by the Committee was 
circulated to r*the Associations concerned and, after 
revision, was, togethex* with a set of draft Regulations 
for High Pressure Lines, submitted on behalf of the 
Council to the Electricity Commissioners for their 
approval. 

The Committee are now considering amendments to 
the Board of Trade Regulations, (a) for securing the 
safety of the Public, and (b) for ensuring a proper and ^ 
sufficient supply of Electrical Energy, for the purpose * 
of enabling the Council to submit a Report thereon 
to the Electricity Commissioners. 

(38) Committee on Electricity in Agriculture. 

The Council have appointed a Committee as above, 
with the following terms of reference :-t— 

To consider and report to the Council bn the following 
points :— 

(a) Whether there are any special features in con¬ 
nection with tl]ip supply and use of electricity 'in 
agriculture which need special attention from the 
Institution by way of education w propaganda, and, 
if* so, what action the Committee re^ominend the 
Council to take; 


(6) And for the purpose of making a recommenda¬ 
tion :— 

(i) To investigate and report upon the actual or 
probable load factors and annual consumption of 
farms in this country and elsewhere, and^on the 
capital cost to Supply Authorities of '’supply to 
farm^ and to farmers nof the inachinery for utilizing 
the supply, and of the economic results likely to 

Jbe obtained by Supply Authorities and farmers; 

(ii) To report on the desirability of a permanent 
Sectional Committee of the Institution for deahng 
with this question. 

(39) Irish Free State, 

As the result of representations made by the Com¬ 
mittee of the Irish Centre, the Council have authorized 
that Committee to appoint, on behalf of the Jrish Free 
State Government, a Committee to advise, if j^quested, 
the Irish Government on matters concerning Electrical 
Engineering. This Advisory Committee has been 
appointed. 

(40) British Manufactured Goods. 

During the year under review the Council were im* 
communication with the National Federation of Iron 
and Steel Manufacturers, and the following Resolution 
was passed by the Council at a meeting held on the 
1st February, 1923 :— 

In view of the present state of trade and 
emplo 5 mient, the Council request members who 
place, or who advise upon the placing Of orders, 
to specify as far as practicable that the plant and 
material ordered shall be of British manufacture.’’ 

Similarly, the Federation has agreed to recommend 
its members as far as possible to place orders for 
electrical material with British firms for British 
material. 

(41) Electrical Engineering Training in 
Technical Schools. 

The scheme for the issue of certificates and 
diplomas to students who are trained and pass certain 
examinations under conditions approved by the 
Board of Education and the Institution, which was 
approved by the Council last Session, has since been 
approved by the Board. The Joint Comrpjittee of 
representatives of the Board of Education and the 
Institution provided for under the scheme has bden 
set up and certain courses of riraining and examination 
syllabuses and schools have been approved. It is 
expected that the scheme will come into operation 
for the educational session of 1923-24. 

(42) Engineering Joint Council. 

As the result of a conference summoned by the 
Institution of Civil Engineer^ which^ was attended 
by representatives of that Institution, and of the 
Institutions of Electrical Engineers, Mechanical Engi- 
oeers, and Naval Architects, an Engineering Joint 
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Council has been set up, the constitution of which 
is still under consideratipn and is provisionally as 
follows:— 

L A Council to be entitled The Engineering Joint 
Councilshall be formed. It shall consist of two members 
of the CoTancil of each of the following Institutidhs in the 
first instance, appointed from time to time by their Councils 
severally ;— ^ . 

The Institution of Civil Engineers, 

The Institution of Mechanical Engineers, 

The Institution of Naval Architects, 

The Institution of Electrical Engineers, 

which shall be called the Founder Institutions. 

2. The Members of the^Joint Council shall be appointed 
annually, and shall be eligible to serve for not more than 
four years consecutively. One of the first two appointed 
by each Institution shall serve for not more than two years, 
but shall be eligible for reappointment for a further period 
of not mCre than four 3 ^ears consecutively. 

3. The Chairman shall be elected annually by the Joint 
Cc?«ancil, and the Secretary of the Institution represented by 
the Chairman for the year shall act as Secretary of the Joint 
Council. The Chairman shall be chosen from the several 
Institutions in rotation. 

4. The Joint Council shall consider matters referred to it 
by the Council of any one of the constituent Institutions. 
It shall not initiate proposals affecting the Institutions, and 
shall be an advisory body without executive powers. Pro¬ 
vision is also made in the draft Bye-Laws for the admission 
of other Institutions or Societies to representation on the 
Joint Council, subject to certain conditions. 

(4^) Electrical Research Association. 

The Electrical Research Association has made good 
progress on all the researches in hand. A compre¬ 
hensive Report on the heating of buried cables has 
been published by the Institution, which .should lead 
to the saving of very large sums by Electric Supply 
Authorities. The work on insulating oils has resulted 
in the forthcoming issue of a British Standard Speci¬ 
fication. 

The researches on electric control apparatus are 
establishing new criteria of design. The work on 
overhead line, materials has furnished new data which 
have been placed at the disposal of the Institution. 
A general levelling up of insulating materials of all 
kinds is being effected, and attention is being directed 
to the development of new materials with improved 
characteri.stics. Researches for the improvement of 
steam turbines arid condensers have been extended. 

The Institution has increased its annual subscription 
from £200 to £300, a corresponding grant being 
obtained froni the Department of Scientific and 
Industrial Research. 

Members are invited to . communicate with the 
Director of the'Association at 19, Tothiy-street, West¬ 
minster, S.W.l, on the v?ork of the Association and all 
matters relating to co-operative research. 

(44). The British Engineering Standards 
Association. 

Progress in conpectiori with the Standardization of 
Electrical Materials. and Apparatus has been steadf' 


during the past year and thjS following British Standard 
Specifications were issued :— 

B.S.S. No. 7. Insulated Annealed Copper Conductors for 
Electric Power and Light. 

B.S.S. No. 96. Parallel-Sided Carbon Brushes. 

B.S.S. No. 109. Air-Break Knife** and Ltoinated Brush 
Switches. 

B.S.S. No. 1110. Air-Break Circuit Breakers. 

B.S.S. No. 162. Metric Dimensions of Insulated Annealed 
Copper Conductors for Electric Power and Light. 

B.S.S. No. 166. Enamelled Plain Copper Wires. 

B.S.S. No. 168. Electrical Performance of Industrial 
Electric Motors and Generators (in place of No. 72 with¬ 
drawn). 

B.S.S. No. 174-184. Overhead , Line Wire Material for . 
Telegraph and Telephone purposes. 

The Specification for Insulating Oils for use in 
Transformers, Circuit Breakers, etc., has b^en approved 
and is in the printers' hands. 

Progress has also been ’ made in the preparation of 
the list of terms and definitions for use in Electrical 
Engineering. This list, which is an extension of that 
prepared by the Institution some few years ago, now 
comprises some 1 200 terms and, it is hoped, will be 
published shortly. 

(45) The International Electrtdtechnical 
Commission. 

Meetings of the Advisory Committees oq Rating of 
Electrical Machinery, SymTools, Standard l^essures for 
Distribution and Insulators and Screw Lamp Caps and 
Holders were held in Geneva last November and good 
progress has been made in the various subjects under 
review. Of the representatives of the^^ Institution, on 
the British National Committee of this' Commission 
Colonel R. E. Crompton, C.B., and Mr. Roger T. Smith 
attended the meetings. 

(46) Benevolent Fund. 

The Committee of Management of the Benevolent 
Fund of the Institution report that oi>. the 31st De¬ 
cember,' 1922, the Capital Account of the Fupd stood 
at £9 969 11s. 3d., and the accumulated income at 
£1 463 Is. 3d. The donations and subscriptions to 
the Fund in 1921 amounted to £2 399 13s. 4d. 

In the course of the year 40 grants were made to 
16 persons, amounting to a total of £776 6s. Od. 

With a view to .increasing the subscriptions to the 
Fund, the Committee have appointed a Local Honorary 
Treasurer of the Fund for each Local Centre of the 
Institution and also for the Sheffield Sub-Centre. 

(47) Annual Accounts. 

The Aimual Accounts for the year 1922 will be. found 
on pages 604 to 609 of No. 318 of the Journal. 

Excess of Income over Expenditure .—^After making 
provision for contingencies as in. the previpus year, 
there is a margin to the gopd on the Revenue Account 
for 1922 of £862 2s..*8d. This amount, which has been 
carried tb th^ credit of the General Fund, compares 
with £639 2s. lOd.'fti 1921, an increase of £222 19s. lOd^ 
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Mortgages ,— 

In tile Accounts f»r 1921 these stood at 
Amount of repayments during the year 

They now stand at 


24 331 19 11 
3 993 13 6 

20 338 6 5 


Life Compositions Fund ,—The total of the Fund on 
the 1st January, 1921, was £5 690 10s. Od., and an 
amount of £94 8s. 3d. was received for Life Compositions 
during the year. There being no obligation under the 
Bye-Laws of the Chartered Institution to keep these 
in a separate fund, the whole of these amounts has been 
transferred to the General Fund. 

^Taking the Tothill Street property and the 
investments at cost, and the Institution .Building and 
lease, ^ the library and furniture, etc., at the values 
standing in the books after writing off depreciation— 


the Assets amount to .. 

120 

£ 

430 

s. 

1 

d. 

2 

against Liabilities 

6 

030 

19 

1 

leaving a surplus of . .. 

£114 

399 

2 

1 

which, in comparison with that of the 





year 1921, viz.. . 

108 

939 

7 

11 

shows an improvement of 

£5 

459 

14 

2 


The balance of £114 399 2s. Id. is made up as 
follows:— 


Assets, 

Properties. 

Institution Building 
and Totlhll Street ^ s. d. 

Property .. .. 92 289 3 li 

Less Mortgages .. 20 338 6 5 


^ s. d. 


Investments, Cash, etc. 
Stock of Paper, Libraries 
and Furniture 


Less Liabilities, 

Trust Fund ' Income 
Accounts 
Sifndry Creditors 
Repairs Suspense Ac¬ 
count 

Subscriptions received 
in advance .. 


- 71 950 17 6 

41 886 18 9 

6 692 4 11 

£120 430 1 2 


360 19 4 
4 062 3 2 

1 261 6 1 

346 11 6 


6 030 19 1 
£114 399 2 1 


(48) The Institution and Bodies on Which' it 
IS Represented. 

For convenience of reference, there is attached hereto 
(Appendix D) a diagram showing the '•rgaaization of 
the Institution and its representatibh on other bodies. 


APPENDIX A. 

Membership of the Institution. 

The changes in the membership since the 1st April, 
1922, are shown ^ the following table:— 


'» , Hon. 


Totals at 


Mem. Mem. Mem. Grad. Studt. Assoc. Total. Total. 


1 April, 19i?2 10 1 800 4 661 934 2 455 415 10 275 

Addifions during 


the year:— 


Elected 

16 

157 

144 

692 

9 

1 018 

Reinstated 

Transferred 

6 

4 

1 

18 


28 

to 1 

68 

87 


.. ’ 

.. 

235 

—- 

— 

— 

— 

— 



Total 1 

89 

248 

224 

710 

9 

1281 

Deductions during 
the year:— 
Deceased 1 

17 

19 

2 

5 

4 

48 

Resigned 

16 

33 

16 

55 

9 

129 

Lapsed 

Transferred 

6 

60 

41 

122 

4 

233, 

from 

1 

62 

43 

114 

15 

235 

Total 1 

40 

174 

102 

296 

32 

645 


Net Increase .. .. 

Totals at 

1 April, 1923 10 1 849 4 735 1056 2 869 392 


APPENDIX B. 

Meetings. 

The following is a list of the meetings he^i during 
the past twelve months :— 


Ordinary Meetings 
Wireless Sectional Meet¬ 
ings .. 

Informal Meetings 
Council Meetings 
Local Centres:— 

Irish. 

Mersey and North 
Wales (Liverpool).. 
North-Eastern 
North Midland 
North-Western 
Scottish 
South Midland 
Western .. ', i 

Local Sub-Centres;— 
Dundee 
East Midland 
Sheffield 
Tees-side 


I Committees:— 

Benevolent Fund .. 
Electricity4^ (Supply) 
Regulations 
Examinations 
Finance 

General Purposes 
Informal Meetings .. 
Local Centres 
Membership .. 

Model General Con¬ 
ditions (and Sub¬ 
committee) 
Papers (and .-iSub- 
Committee) 

Proving House Sub- 

Committee. 

Registration of Elec¬ 
trical Contractors.. 
** Science Abstracts 
War Memorial 


London 

9 

Wireless Section 

5 

Birmingham .. 

.. 11 

Wiring Rules 

. • S 

Leeds.. 

.. 6 

Other Committees 

6 

Liverpool 

.. 10 


. 

Manchester ,. 

.. 8 

Total 

369 

Newcastle 

.. 15 



Scottish 

6 



Sheffield 

.. 11 
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Addresses. 


Author, 

R. D. Archibald, Mem¬ 
ber 

F. G. C. Baldwin, Mem¬ 
ber. 

A. S. Barnard, Member. 

Prof. W. Cramp, D.Sc., 
Member. 

F. Gill, President. 

F. Gill, President. 

A. S. Hampton, Member. 


Title, 

Chairman's Address (Dundee Sub- 
^ Centre). 

Chairman's Address (North- 

Eastern Centre). 

Chaiftnan's Address (North- 

Western Centre). 

Chairman's Address (South Mid¬ 
land Centre), 

Inaugural Address. 

Address to the London Students* 
Section. 

Chairman’s Address (Scottish 


E. C. Handcock, Member 
J. S. Highfield, Past- 

President. 

J. F. Nielson, Member. 

W. Pearson, Associate 
Member. 

W.P. Richmond, Associate 
Member. 

F. Tremain, Member. 

B. Welbourn, Member. 

H. West, Associate Mem¬ 
ber. 

W. B. WooDHOUSE, Mem¬ 
ber. 

C. H.Wordingham, C.B.E., 

Past-PT:esident. 


Centre). 

Chairman's Address (Irish Centre). 

Address to the Western Centre. 

Address to the Scottish Students' 
Section. 

Chairman's Address (East Mid¬ 
land Sub-Centre). 

Chairman's Address (Tees-side 
Sub-Centre). 

Chairman's Address (Western 
Centre). 

Chairman's Address (Liverpool 
Sub-Centre). 

Chairman's Address (Sheffield Sub- 
Centre) . 

Chairman's Address (North 
Midland Centre). 

Address to the London Students' 
Section. 


Lectures, Etc. 

E. E. Brooks, Associate Exhibition of Lantern Slides illus- 

Member. tratin g Lines of Electric Force. 

F. Greedy, Associate “ Variable-Speed Alternating-Cur- 

Member. rent Motors without Commu¬ 

tators." 

Prof. M. Maclean, D.Sc., " Hydro-Electric Resources of the 
LL.D., F.R.S.E., Mem- Scottish Highlands." 


Papers read at Meetings and Accepted for 
Publication in the Journal— continued . 


Author, 

C. F. Elwell, Member. 


C. S. Franklin. 

W. A. Gillott, Associate 
Member. 

J. Hollingworth, M.A., 

B. Sc., Associate 

Member. 

Francis Hooper, 
F.R.I.B.A. 

Prof. C. F. Jenkins, 

C. B.E., M.A. Mem- 
ber. 

Dr. G. Kapp (tjie late), 
Past-President. 

N. Lea, B.Sc., Associate 
Member. 


Dr. N. W. McLachlan, 
Member 

S. W. Melsom, Associate 
M ember, an d E. Faw- 
ssett. Member. 


H. Morris-Airey, C.B.E. 


E. B. Moullin, M.A., 
Associate Member. 

G. H. Nelson, Member. 


Title, 

** Thei Design of Radio -Towers 
and Masts: Wind-Pressure 
Assumptions." 

" Short-Wave Directional Wire¬ 
less Telegraphy." 

" Domestic Load Buildi^ig: a few 
suggestions uppn Propaganda 
Work." 

The Measurement of the Elec¬ 
tric Intensity of Received 
Radio Signals." 

Co-operation between the Archi¬ 
tect . and the Electrical 
Engineer." 

'*A Dynamic Model of luned 
Electrical Circuits." 

" The Improvement of Power 
Factor." 

"The Performance of a Radio- 
Telegraphic Transmitter, with 
special reference to the New 
Installation at North Fore¬ 
land." 

"Magnetic Drum High-Speed Re¬ 
corder and K^y Transmitter." 

" !l^rmissible Current^ Loading of 
British Standard Impregnated 
Paper - Insulated Electric 
Cables" (Report of the 
British Electrical Research 
Association). 

"Development of Naval High- 
Power Valves." 

" A Direct-reading Thermionic 
Voltmeter S.nd its Applica¬ 
tions." 

r 

"Works Prbduction." 


ber. 

R. B. Mitchell, Member. 

Dr. H. W. Nichols. 

Sir E. Rutherford, 
F.R.S. 

A. G. Warren, Member. 

B. Welbourn, Member. 


"The Dalmamock Power 
Station." 

"Transoceanic Wireless Tele¬ 
phony." 

"Electricity and Matter" (The 
Thirteenth Kelvin Lecture). 

" The X-Ray Examination of 
Materials." 

Exhibition of cinematograph films 
on " The Electrification of the 
Chicago, Milwaukee and St. 
Paul Railroad." 


Dr. S. S. Richardson. 

P. J. Robinson, Member. 


J. Rosen, Member. 


R. L. Smith-Rose, M.Sc., 
Associate Member, 
and R. H. Barfield, 
B.Sc., Student. 


" An Oscillograph investigation of 
the Gulstad Relay." 

" The Maintenance of Voltage on 
a D.C. Distribution System by 
means of a Fully Automatic 
Substation." 

"Some Problems in High-Speed 
Alternators, and their Solu¬ 
tion." 

" The Effect of Local Conditions 
on Radio Direction-Finding 
Installations." 


Papers read at Meetings and Accepted for 
Publication in the Journal. 

J. W. Beauchamp, Mem- " Co-operation between the Archi- 
t>er. tect and the Electrical 

Engineer." 

J. Caldwell, Member. Electric Arc Welding Apparatus 

and Equipment." 


A. M. Taylor, Member. " The Possibilities of Transmission 

by Underground Cables at 
100 000/160 000 Volts." 

In addition, a number of papers haVb been accepted 
for publication in the Journal without being read at 
meetings. 
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APPENDIX D. 

THE INSTITUTION OF ELECTRICAL ENGINEERS. 



C(5MMITTEES. 

{Standing.) 

Benevolent Fund 

Electrical Appointment* Board 
Examinations 
Finance 

General Purpose* 

Informal Meetings 

Library 

Local Centres 

MembeTship 

Pii^^pers 

Paul Scholarship 

" Science Abstracts 

Ship Electrical Equipment 

Technical Co-operation 

Wireless 

Wiring Pules 

yElectricity in Mines 

I Electro-Chemistry and Electro- 
Metallurgy 

^ I i Power 

to § I 

I Telegraphs and Telephones 


Committees. 

{Special.) 

Electricity in Agriculture 

Electricity (Supply) Regulations 

Model General Conditions 

Patent Law 

Proving House 

Registration of Electrical 
Contractors 

Technical Education 

War Memorial 


■ 31 
.§1 


^Traction 


{Continued from foot of col. 3.) 
Radiographers, Society of 

Rdntge^L Society Advisory Committee for British 
X-Ray Industry 
Royal Engineer Board 

Scientific and Industrial Research Advisory Council 
Engineering Committee 
Transport, Ministry of. Advisory Panel 
War Office Committee on Engineer £|fganization 
Women'*s Engineering Society 


Bodies on which the Institution is 
Represented. 

Air Conference, 1923 
Air Conference, International, 1923 
Birmingham Chamber of Commerce 
Bradford Public Libraries Committee 
Bristol University 

British Electrical and Allied Industries Research, 
Association 

British Empire Exhibition, 1924 
British Engineering Standards Association 
British National Committee of. the International 
Electrotechnical Commission 
British National Illumination Committee of the Inter¬ 
national Illumination Commission 
Corrosion Committee of Institute of hSet^ls 
Darlington Board of Invention and Research 
Electrical Development Association 
Engineering Joint Council 
Fourth International Road Congress 
Fuel Economy Committee of British Association 
Imperial College of Science and Technology, Govern¬ 
ing Body 

Imperial Mineral- Resources Bureau (Conference 
Institution of Civil Engineers, Engine and Boiler Test¬ 
ing Committee 

Institution of Heating and Ventilating Engineers, 
Utilization of Exhaust Steam and Waste Heat 
Committee 

International Navigation Congress, 1923 
International Scientific Unions 
International Testing Association 
Joint Education Committee for National Certificates' in 
Electrical Engineering 
Leeds Civic Society 

Leeds Municipal Technical Library Committee 
Loughborough Technical College Advisory Comnsitlee 
Metalliferous Mining (Cornwall) School, Governing Body 
Middlesbrough Technical College 
Mines Department, Electrical Storage Battery Loco¬ 
motive Committee 

National Committee for Physics (Royal Society) 
National Committee in Radio Telegra'i)hy (Roya,l 
Society). 

National Physical Labor|Ltory, General Board 
Newcastle-upon-Tyne Chamber of Commerce 
Paris Conference on E-H.?. Lines (XJnion des Syndicats 
de VElectricit4) 

Professional Classes Aid Council 

(Continued atfoot-of col. 1.) 



THE INSrirUTION OF ELECTRICAL ENGINEERS 

revenue account EOR the year ENDEP 3.st DECEMbER,' 

expenditi/re. ^ 


ANNUAL ACCOUNTS FOR 1932. 
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SALOMONS SCHOLARSHIP TRUST FUND. 

(Kr. 

To .(Amount «(as per last Account) 

£ s. d. 
r.. 2,126 19 3 

By Investments (at cost) :— 

;^i, 5 oo New South Wales 3 ^% StooJ: . 

£.■500 Cape of Goo Hope 3 j% Stock . 

£ . s. d. 

■ /.SS 6 5 9 

570 13 6 


£ 2 , 126 19 p 

I £ 2 , 126 19 3 

SALOMONS SCHOLARSHIP TRUST FUND (Income). 


To Amount paid to Scholars in 1922 
^ Balance carried to Balance Sheet * 

£ s- d. 

. 87 10 0 

. 40 14 II 

By Balance (as per last Account) .. 

„ Dividends received in 1922 . 

£ s. d. 

S 8 I 5 
70 3 6 


£i2S 4 II 


£i2» 4 II 





DAVID 

|lr. 

HUGHES SCHOLARSHIP TRUST FUND. 

€x. 

To Amount (as per last Account) 

£ s. d. 
. 2,000 0 0 

By Investment (at cost):— 

£ 2 ^ 04 .$ Staines Reservoirs 3 % Guaranteed De¬ 
benture Stock .. 

„ Balance carried to Balance Sheet * ... 

£^ s. d. 

1,998 IS 0 

I 5 0 


£ 2 y 000 0 0 

£ 2,000 0 0 





^r. 


DAVID HUGHES SCHOLARSHIP TRUST FUND (Income). 


€x. 


To Amount paid to Scholars in 1922 
„ Balance carried to Balance Sheet * 


£ s. d. 
47 10 0 
51 14 o 


^99 4 o 


By Balance (as per last Account) 
„ Dividends received in 1922 
„ Interest do. do. 


£ s. d. 
, 37 19 5 
61 4 I 
006 

;f99 4 0 


Mx. 


To Amount (as per lasf Account) 


PAUL SCHOLARSHIP FUND. 


£ s. d. 
... 500 O 0 


£500 O 0 


By Investment (at cost) 

£625 4 % Funding Loan ... 


<Jr. V 

£ s. d. 

r 

... 500 0 0 

£Soo © 0 


PAUL SCHOLARSHIP FUND (Income). 

^ _ €x. 


To Amount paid to Scholar in 1922 
„ Balance carried to Balance Sheet * 


* Included in the total of ;g36o 19s. 44. shown on the liabilities side of the Balance Sheet. 


£ s- d. 
12 10 0 
37 10 0 


£^o o 0 


By BsCTance (as per last Account) 
„ Dividends received in 1922 


s.^xd. 
2 ^ 0 0 
25 0 0 

£50 .0 0 
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ANNUAL ACCOUNTS FOR- im 


fr. 


Wll.DE' BENEVOLENT TRUST FUND. 


To AiiJuiint (.IS pc!” l.tsl Art^iunt) 

„ ,, tianNloirod iVnui Incnint' 


.C ci. 

2 ,5 SO It) 2 

21111 o” 


.( lo 2 


cCr. 


By Iiivcslments^ (at cost)• 

^,<S 75 Eastern Railway'Metropolitan 5% 

Guilt antecd Slock . 

North Eastern Railway 4% Guaranteed 

Slock . f,. 

/loo London County 3^% Stock. 

^,250 New South-Wales 4% Stock . 

£iOo 3j% War Stock . 

.£1005% War Slock . 

LSs. Id. 4% Funding I^oan. 

£200 5% National War Bonds. 


£ s. d. 


1,493 16 3 


250 19 
loi 8 

251 

94 

95 

300 


6 

8 , 

o 

o 


211 II 


^,2,798 10 ^ 




WILDE 


BENEVOI.ENT TRUST FUND (Income). 


«i. 


To Amount han iciicd to 
,, iiaiatu*4* ciuiictl lo Ital.tiuc Slict. t * 


£ d. 

21111 o 

7*^ 15 5 


5 


I By Balance (as per last Account) 
I „ Dividends received in 1922 

j „ Interest do. do. 


£ s. d. 
m 14 5 
94 5 8 
264 

i.291 6 5 


Ulr. 


WAR THANKSGIVING EDUCATION AND RESEARCH FUND (No. i). 


€r. 


To Amount (a:. |Hrr fa 4 A* * 


/' s. d, i 

i 


l, 7 (Hf O (i 

/' i ,70t I o o j 


j By Invostnjtmt (at cosi):— 
I ^^2,000 5% War Stock 


£ s. d. 
. T,700 O 0 

£1,700 0 0 


WAR rHANKSGlVlN(', EDUCATtON AND RESEARCH FUND (Ho. i) (Income). 

€t. 


ro Grants made in 1922 ... .. o o* 

„ ILalJncfe cariiied to llalaiice Sliced ... 150 0 o 

/225 o 0 

lH»;i»ilrrri tii Ihr toUl of £p4 tip. 4«l* «lw?Wn 


£ s. d. 

By Balance (as per last Account) .. 125 0 o 

Dividends received in 19:22 , „. ... ... 100 o o 

£225 o 8 


the Liubilities side of the Balaace Sheet.. 
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PROCEElDI^sfGS OF THE INSTITUTION. 


PROCEEDINGS OF THE INSTITUTION. 

692nd ordinary MEETING, 18 JANUARY, 1923. 
(Held in th^ Institution Lecture Theatre.) 


Mr, F. Gill, O.B.E., President, took the chair'at 
6 p.m. 

The minutes of the Ordinary Meeting of the 4th 
January, 1923, were taken as read and were confirmed 
and signed. 

Messrs, A. Willmott and J. Bacon were appointed 
scrutineers of the ballot for the election and transfer 
of members, and, at the end of the meeting, the result 
of the ballot was declared as follows:— 

Elections. 

Members. 

Bxoohes, Alfred, M.Eng. King, Louis Herbert. 

Sykes, Joseph Charles. 

Associate Members, 

Arnold, Hugh Turney. Lancaster, Walter Ber- 

Boex, George. nard. 

Bottomley,William Henry. Landau. Simon I. 
Buchanan, Andrew Duncan Mackay, Thomas Whit- 
Burton, Algernon. taker, B.Sc. 

Camozzi, Percy Joe. MacLennan, Telford, 

Chadwick,' Arthur. B.Eng. 

Collins, Charles ^Frederick. Moinet, John Vincent. 
Dordi, Kersasp Mancherji, Monish, Henry Edwin. 

B.Sc. Nisbet, Richard William. 

Evans, Rees^ Owens, Ernest David C. 

Evans, Wiliiam Rhys, Ozanne, Major Guy Du- 
B.Sc. rand, M.C. 

Koley, John Laurence. Peters, Charles Leonard, 
Gill, Harry. ^ B.Sc. (Eng.). 

Hallam, James Percy. Rawling, Arthur. 

Harvey, Robert Gourlay. Richardson, Jocelyn Ar- 
Hay, William Ross, Capt., thur S., B.A. 

R:C.S. Scair, William. 

Hayes, Patrick Joseph. Smither, William James, 
Herbert, Edward Dave A., Tillson, Francis Joseph. 

O.B.E. Walton, George Warren, 

Hutchinson, Arthur James. B.A. 

Jones, Richard Wiison. Watterson, Harold Ed- 

Ketton, Hamid Isaac. ward. 

Kirke, Percy St. George, Wilkins, Edward Henry. 
M.Ar 

Graduates. 

Adie, Brooke. Byatt, Arthur William. 

Barrs,'Herbert Harold. Cairns, Archibald McFar- 
Bechar, Shivji, B.Sc. lane, B.Sc.(EngJ. 

Billingsley, Frederick Campbell, Frank WoodMe. 

Thomas. Carter, Gordon Lepnaid. 

Boscolo, Gioachino Ric- Clarke, Wright William, 
cardo. B.Sc. (Eng.). 

Briggs, Richard Alfred. Clough, Newsome Henry, 
Burford^Gerald George. B.Sc. (Eng.). 


Graduates —continued. 

Cooke, Albert Sidney. Linsell, Alfred Aubyn. 

Corkill, Francis Malcolm, Manighetti, Augustus. 

B.E., M.Sc. Matthews, Mabel Lucy 

Cox, Walter Ronald, B.E, (Mrs.). 

Desai, Becharbhai Puru- Moody-Smith, Clau'de 
shotamdas, B.A., B.Sc. Gerald. 

Dobson, Albert Edwin. Mowat, Eric Matheson. 
Dowding, George Victor. Passmore,William Oglesby. 
Fitton, Wilfred Robert. Patterson,''^S3n-Harold. 
Fitzsimmons, Arthur. Paffcerson, William Her- 

Fraser, William Lawrie. bert. 

Gabrielle, Harold Lionel. Rawlings, Bernard Clar- 

Grapes, William Harvey H. encp. 

Hall, John Charles. Robinson, Henry John. 

Havekin, Thomas, B.Sc. Roots, Albert Ernest. 
Hunt, Kenneth Philip. Sang, Ram Parshad. 
James, Richard Francis E. Smithells, Thomas Archi- 
Jenkin, Ralph Meredith. bald, B.Sc.'^Eng.). 

Johnstone, Archibald. Spruce, Samuel Raymond. 

Jones, David W illiam G. Summers, Alb^'t Victor. 
Judd, Maurice Frank. Suyling, Karel Lambertus. 

Khory, Keki Nowerozji. Tonkin, Cecil Vivian. 
Kington, Arthur Charles. Turner, Leonard Vivian. 
Larkin, Charles Neville. Warder, Leonard Isaac. 

Latimer, George Wilfrid. Websdale, Geoiffrey John. 
Lauder, John Robert. Weygood, Wilfred. 

Students, 

Akehurst, John Reginald C. Briggs, Willi^ Francis E. 
Armstead, Hugh Christo- Bristow, GeoSrey William. 

pher H. Brockington, Hugh. 

Atkinson, Edmund Stroud Brotherton, Francis. 

p. Brown, Arthur* Frederick 

Axe, Leonard George. C. 

Bailey, Philip Albert. Brown, Guy Lawrence. 

Baillie, Robert. Buckingham, Alfred. 

Barker, Wallace Henry. Bull, George Arthur. 
Bartlett, Howard Volins. Burnett, James. 

Bass, Cyril Alfred. Butterworth* Frank Schol- 

Batt, Frederick Horace. field. 

Beddoe, George Neville. . Cann, Edward Thomas K. 
Bee, Oswald Kestoir. Cathcart, David Maplareh. 

BeUasis, Guy Roland J. Chalmers, William Ridge- 
Bennett, Harold John. rrell. 

Berry, Anthony George. Choa, Chin Som. 

Binns, Arthur William. Choudary, Vellanki Ak- 

Bissell, Frank Edwin G. kayya. 

Blake, Philip Kellow. Christie, Charles Alex- 

Bland,ojohn George. ander. 

Blumlein, Alan Dower. Clibbon, Harold Alfred. 

Bordewick, Olaf Unger. Coel, Frederick William. 
Boul, SamsoibAugustine. Cogle, John Edmund T. 
Bridgman, Howard CepH. Coleman, William Dayid. 


I'ROCKEDINGS OF THE INSTITUTION. 

Students— 


St:id( 

Coljqiii, Frederick W illiam. 
Connard, Kolaiuf. 

Connor, Vincent lul\vai\l. 
Cook/^icrald C'IoiKi<‘sle\. 
Corbett, Fraweis William 
FI. 

Corke. iIu.^h W'oruham. 
Cottenden, Stanles’ Fluirlor. 
Cousins* Cleor^e ('nnieliuN. 
Coutts, C'hafles. 

Couzens, Jack Harold. 

Cox, I*erc V H a n dt 1. 
Crompton, A re 1 1 ie. 

Croplc 5 ^ Idyi ie Pern 1 »n tkv 
Crowley, Ivric 
Curtis, janu‘s Slanisle.. 
d'A.ssisdMinset a, I laiuld 
Mount jin ?5t. 

Davey, Cyril Idederick. 
J.)avios, Fvan Haniel. 
Havies, W'iUiain. 

Dawson, Alfred J«»lm 
de Kretser, Horace l’j',ei 
ton S. 

Dennis, Heniv, 

Dennison, James Hern. 
Dickinson, (.tdm < lea..j;. 
Downhain, Allunt Si:ott. 
Dudley, Uarnkl, 

Duntliorne, John I y. 

Kngland, Chaib'S James. 
Engl'vnl, idiilipCuthbet (, 
Evans, ('harles 1 leibef t. 
Biverskeld, llimrv 1 hnmas 
T.. 

Fames, Hilljert Henry, 
Fawcett, Id'ancis Alfred. 
Fenemore, Akw St4‘]jbf‘n. 
Fletcher, Frijuleiirk t b'orgfs 
Follett, Samuel Prank. 
Forster, Chatles Fdward. 
F''orster, WdOiam johivann. 
Foster, Thomas la*r.lie, 
Francis, Manrna* Hart. 

Vic tor Hfutry. 
Cachet, Ernest jnle-». 
Ga,irdner. W'ifhaiii H»mglas 
T. 

Gibh.s, \Villiam Ewart. 
Gibson, Stanley. 

Giles, Cecil. 

Gledson, William Hit hanl. 
Gooflall, Laurence. 
Gooderham, Sydney John. 
Gough, Ronald Hrk. 

Gould^ John Rifid. 

Gmy, Thomas Anders<m. 
Grieve^ John Walk in. 
Griffiths, Patrkk Edwin A. 
Groves, Thomas Jrjsiah. 
Gunn, George Joim T. 
Guthrie, Daviri Epliraiiii, 


t unt mued. ‘ 

Hu>, {"CitiKird P'rancis W'. 

1 laLsev, Arthur Ahmrice. 
Hani]»son, Artliur Ptric. 
IfarhotlU*, Ploraci* Regin¬ 
ald. 

1 lardmg, pj'ic 1 hsiry. 
liauis, Arthur Corntiekl. 

1 larriMHi, Ck-ment 1 ‘hilip. 

1 lart, Stanley J laints 
I la wort h, 1 Vrey S. 

I lea/eli, idvdeiick Arthur. 
Ilehiu*, James, 

I hmdfiNim, I toward 

ho' le.s. 

Henderson, X’ietor Pringle. 
Heiulr)', Ah‘xanth‘r Woful. 
lieurv, IdMiici.s Payly. 

II itisle lw i H)d, ( yril Paigene 

H. 

1 Inllida)', P'retleric k. 
Hunker, Alln'il. 

1 i»aiib\, James Iiol)son. 

1 P.u, I Ian Suan. 
Humphries, Lawrence MiL 
ton. 

Ihteiiiiig, Jasper. 

Jaekson, Arthur Norman, 
jarkson. WdUiatn Graham. 
Janu’s, Edward Edwin. 
Johnson, fit*r!>ert ,\rthiir. 
Johnson, ReginaUI Arthur 
Josiah, 

Jtdmstone, Andrew Watt- 
♦ hope, 

Jont’S, Alfrttd John l,‘. 
Jones, ( h itlith Palgar. 
Joseph, Samuel, 

Jougliin, W alter James. 
Inst in, Herhert Praiicas. 
Kf’llv, < lerald Panil. 

Kernp, knb(‘rt James A. 
Knn. < ieorge ( alluin. 
Knight, Arthur Reginald. 
Kulkarni, Purushotlam 
Parshurani, 

Langley, John Palwanl. 
Lawry, Arthur Vivian. 

I .eaihi’s, William i lenry B. 
1 ,ee, I,etmafrl Staveley. 

Lee! . Stanley Pdnnington. 
Lundty, Iitegiiiald Evelyn 
A. 

Lyne, H.irold Victor W. 

Mf: Al|»ifie, jame«, 

M;,n Pdwet% Norman Mac« 
Le<.»th 

IVfeKeude, Angtis Hugh. 
Mrf,ennan, RorlerkC Ar¬ 
thur, 

5!ji(|narrii‘; Archibald. 
Maggs, Arthitr Hembor- 
ohgh. 


IVIalik, Amir Bakhsh. 
j jVIansfield, Thomas James, 
j Marchbanks, Maurice 
J James. 

i IMead, J-dward Michael K. 
j IMerrylecs. Kenneth Wil- 
, I him. 

• Middlemiss, Reginald 
1 Cieorge. 

I Milling, Henry Robert. 

I Alilne, Arthur John. 

I jMitchell, Valentine. 

; Morton, James. 

, ^Mountain, Reginald Wil- 
i liain. 

; Nadkarni, Anant Pandu- 
; rang. 

I Newhouso, Kenneth Henry 
; A. 

: Newton, Arthur Salt. 
Newton, Geoffrey. 

Nundy, George Reginald. 
Olgin, Nicolas. 

(PMeara, JCsmonde. 
Overington, Idoncl Eric. 
Paddle, Leslie liarold. 
Padgett, George Thomas.* 
Padmanabhan, Catanco- 
latur. 

Paige, i lenry Hodson. 
Partridge, Norman George 
R. 

Ikiterson, William Douglas. 
Paul, Stanley W'alter. 
Pettersen, Johan August. 
Piloyan, Andrew Jakov- 
levitch. 

Pf)olc, W^illiam Henry. 
Poolinan, Charles Grundy 
N. 

Potter, Reginald Lewis. 
Preston, Geoffrey William. 
Price, Albert Eric. 

Pyke, Edward Joseph. 
Rackow% Charles. 

Randall, Alfred Johnson. 
Hantzen, Henry Barnato. 
Kao, Domalpalli Venugo- 
pal. 

Kao, Konsur Narayanarao 
Ranga. 

JLawlings, Ralph John. 
’’Fdffcll, John Robert. 

Kentoul,Richard Laurence. 
Rhodes, Cecil. 

Richards,Thomas William. 
Richardson, Richard Paul. 
Riches, Albert John. 
Robinson, Raymond. 
Robinson, Richard Ed¬ 
ward. 

. Rochester, W^iliiam. 
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■continued. 

Rodda, William James, 
Rodrigues, John Rozario. 
Rogers, Alec Hugh G. 
Rogers, Victor Jobri. 
Rdthwell, Stanley R. 
Rowe, Charles. 

Roy, Kamala Prasanna. 
Ryali, Ernest Roberts S. 
Sayers, Arthur Joe. 

Scott, Dan. 

Shaw, James Ernest. 
Shuttlew’'orth, J ohn Henry. 
Simons, Evelyn John. 
Glann, Louis Alfred J. 
Slater, Kenneth Algernon 
H. 

Smart, Henry Prescott. 
Smedley, Philip Henry. 
Smillie, John. 

Smith, Frederic Rowland 

C. 

Smith, Roderick Alan. 
Soper, Robert Edwin S. 
Sparks, Ronald Allison. 
Srinivasan, Mandayam 
Thondanoie. 

Steel, Robert William. 
Stobart, Leslie Wallace. 
Stripe, Norman Albert. 
Swann, Joseph Eric. 
Tamplin, Strnan Robert¬ 
son. 

Taylor, Richard Lough. 
Terroni, Teseo Bruno D. 
Thadhani, Hotechaud Rij- 
humal. 

Thomas, Philip Robert. 
Thompson, Harry Ernest. 
Tibbatts, William Albert. 
Treharne, John Stewart E. 
Trueman, Raymond Shaw. 
Tyler, Leslie Norman. 
Vigoureux, Joseph Evenor 
P. 

Vin^, Murray. 

Viney, Hallen. 

Waggott, Harry Cuthb'^. 
Wallace, l)ouglas Stewart. 
Warman, Arthur Charles. 
Warrington, Albert Rus¬ 
sell V. 

Waters, George. 

Watkins, Donald John. 
Watliag, Hugh Henry W. 
Welchman^ Philip Ray¬ 
mond. 

Wellsteed, Albert Edward. 
Westlake, Harry James M. 
Whitesic|e, William Hayes. 
Whiteway, George Henry. 
Williams, Harold George. 
Williams, Thors^^ 
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proceedings of the institution. 


Students —continued. 


rAssociate to Associate Member. 


Williamson, Peter Blanche. 
Willis, Albert Henry. 
Willoughby, Ralph. 
Wilmot Reginald Hilton. 
Winborne,^ James Ernest. 
Wolfe, John. 


Marreco, GeofErey Freire. 
Reynolds; Russell John, 
M.B., B.S. 


Woodward, George Law¬ 
rence. 

Wooler, Clifford'Upton, 
W^right, Rowland. 

Young, Alexander 
Young, William. 


Yarrow, Harold Edgar. 


Associates. 


Transfers. 

Associate Member to Member. 


Browne,Bernard Frederick, 
Cockshott, Edgar Harry. 
Dayson, Albert Ogden, 
M.C. 

Denehy, Hugh. 

Dixon, Harry. 

Evans, r Arthur Anthony, 
Lt.-Col., O.B.E., M.C., 
R.E. 

Gatehouse, Ernest Arthur. 
Green, Harry. 


Hedgcock, Archibald John. 
Homan, Franklin Thomas. 
Howe-Gould, Robert. 
Mallett, Edward, M.Sc. 
(Eng.). 

Meikle, James. 

Mitchell; Raymond James. 
Moore, William Alexander. 
Pook, Stanley Herbert. 
Rosen, Jessel. 

Taylor, Claude Sinclair. 


Graduate to Associate Member. 


Cotton, Flarry. 

Dedley, William John F. 
Duckworth, Herbert. 
Edwards, Arthur Rowland. 
Edwards, Johii. Marshall, 
B.Sc. (Eng.). , 

Kay, Henry Herbert. 
Llewellyn-j ones, Ivor. 
Lye, Donovan Henry C. 


McClean, Thomas. 

Monk, Sidney Gordon, 
B.Sc. 

Otter, Francis Lewis, M.C. 
Pallet, Arthur Charles, 
B.Sc. (Eng.). 

Sadleir, John Rothwell. 
Smith, Clarence Herbert. 
Wilkinson, Harold Claud. 


Student to Associate Member. 


Baldwin, Sydney James W. 
Clyne, Philip, 
da Silva, Pery Roma. 
Diggle, Harold. 

Frost, Ronald Arthur. 
Glover, Eric Harraden. 
Greenwood, Walter. 


Kennaird, George William. 
Mould, James. 

Parkinson, Arthur Muir, 
B.Sc. (Eng.). 

Ramsdale,William Stanley. 
Robinson, GeofErey. 
Waizbom, Harold. 


Hungerford, Richard 
Becher. 


Student to 

Arnold, John Frank, Lieut. 
Barnes, William Charles. 
Bawtree, Edward. 
Baxendell, Leslie Wilfred 
E. • 

Bellamy, Fenton George. 
Bleach, Chris Charles. 
Braendle, Ernest William. 
Brierley, Herbert. 

Carter, Henry Edmond D. 
Charman, Cyril Edward. 
Combes, Frank Roy, B.E. 
Craig, Samuel. 

Dawes, Arthur Robert. 
Doran, William ^mest. 
Edwards, Wilfrid Gordon. 
Ellis, Francis Arthur. 
Fletcher, Godfrey Herbert. 
Frampton, Harold George. 
Hartley, Robert Cliff. 
Jackson, Frederick Stanley. 


Kennard, Hammond 
Levend' E. 

Millar, Charles-Herbert. 
Robinson, Samuel Thomas. 
Graduate. 

Janmoulle, Ed'ward Walter 

A. 

Jenkins, William .^rthur. 
Maxfield, Geo;^ge William. 
Nicholson, Frederick 
Walter. 

Nicholson, Hugh John G., 

B. Eng. 

Pankhurst, Frank Arthur. 
Parker, Alfred Henry. 
Parnall, Eric John. 
Pittawa^^ Kermeth., 

Read, Grosi:^enor Wood- 
house. 

Seymour, James Edward. 
Sundaram, Gangadhara. 
Tenfpleton, William. 
Waddicor, Harold. 

Wallace. Robert,. B.Sc. 
Welch, Leonard John. 
Young, Jajpes Buchan, 
B.Sc. 


The President mentioned that successful wireless 
telephonic communication -.between New ‘Vork and 
London had been effected for a period of two hours 
on the previous Monday morning, 15th January, and 
that among the messages transmitted was one from 
Mr. Carty, Past-President of the Ameripan Institute 
of Electrical Engineers, who, on behalf of Dr. Jewett, 
President of that Institute, sent his best wishes to the 
British Institution of Electrical Engineers and said 
that electrical engineers were very proud to be able 
to do so much to bring all nations closer together by 
means of wireless communication.-? The President also 
mentioned that he had replied by telegram to Dr, 
Jewett, as follows: Most sincere aiCd fraternal 

greetings from your British confreres.’' 

A paper by Mr. G. H. Nelson, Member, entitled 

Works Production” (see page 338) was read 
discussed, arid the meeting terminated at 8.5 p.m. 


693rd ORDINARY MEETING, 1 FEBRUARY, 1923. 
(Held in the Institution, Lecture Theatre.) 


Mr. F. Gill, O.B.E,, President, took the chair at. 
6 p;m. 

The minutes of the Ordinary Meeting of the 18th 
January, 1923, were taken as read and wens confirmed 
and signed. 

A list of candidates for election and transfer approved 
by the Council for . ballot was taken as read, and was 
ordered to be suspended in the Hall. 

The President presented to Mr. J'. W. Meares, C.I.E., 
Menaber. late Local Hon. Secretary of the Institution 


in India, and ^Electrical Advi^^r to the Indian Govern¬ 
ment, a salver and cigarette box subscribed for by liis 
friends in India on the occasion of his retirement frem 
the Indian Government service, and as a token of his 
valuable services to the profession in India. 

A paper by Mr. P. J, Robinson, Associate Member, 
entitled " Thehtaintenance of Voltage on arli.C." Distribu¬ 
tion System by.means of a Fully Automatic Substation ” 
(see page 417), was read and discussed, and the meeting 
terminated at 7.4fe p.iu. 
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Hon. Secretary .--^. N. Prangnei^L '5, Claftlsfeone Terrace, [ 
Gateshead. 


SECTIONS. 

MERSEY AND NORTH WALES (LIYBRPOOL). 

Chairman. —H. K. D\ncr. 

Hon. Secretary.—B. D. Youatx, 6, Aspinall Street, Prescofc. 

SOUTH MIDLAND. 

Chairman .— J. A. Cooper. 

Hon. Secretary.—C. E. Smethurst, The 52agnet Club, 
Erdington, Birmingham. 

NORTH MIDLAND. 

Chairman.—^. R. T. Skinner. 

Hon. Secretary . —R* Barker, Beech Grove, Tong Park, 
Baildon, Bradford. 

SHEFTIBLD. 

Chairman.—‘H. Taylor. 

Hon. Secretary. —T. E, GREEij, 40, Rushdale Road, Sheffield. 



LOCAL H^^ORABY 

1R6EMTIKA: A. C. Kelly. 783. Calle Florida. Buenos 
Aires. 

QAITADA: Lawford S. F. Grant, G.P.O. Box 910. Montreal. 
CAPS, NATAL, AND RHODESIA:' Major Frank Pickering. 
P.O. Box 1361, Cape Town. 

DENMARK:^}. L. W. V. Jensen, Amicisvei 16, Copen¬ 
hagen, V. 

FRANCE: J. Crosselin. 16, Boulevard Emile-Augier 16. 
Paris* 

faOLLAND: A. E. R. CBllette, Heemskerckstraat, 30, 
The Hague. 

INDIA: C. C. T. Eastgate, c/o Octavius Steel & Co., 14, Old 
Court House. Calcutta. 

ITALY: G. Semenza, 39, Via Monte Napoleone, Milan. 
JAPAN: I. Nakahara, No. 40, Ichigaya, Tanimachi, 
Ushigomeku, Tokio. 

NEW SOUTH WALES: J. E. iJonoghue, Bank of Queens¬ 
land Chambers. 261, George Street, Sydney. 


SECRETABIES ABBOAD. 

NEW ZEALAND: J. Orchiston, Muritai, Eastbourne, >^’c^ 
lington. 

NORWAY: M. L, Kristiansen, Chief Engineer, Kristiania 
Telefonanloeg, Kristiania. 

QUEENSLAND:, W. M. L^Estrance, Boundary Street, 
Brisbane. 

SOqjH AUSTRALIA: F. W. Wheadon, 37. Grenfell Street, 
Adelaide. 

SPAIN: H. Hastings, Calle de Alfonso XII, 24; Madrid. 

TRANSVAAL: W. Elsdon Dew, Box 4563, Johannesburg. 

UNITED STATES OP AMERICA: Gang Dunn, 43,Exchange 
Place, New York City, U.S.A. 

VICTORIA: H. R. Harper, 22- 32, William Street, Melbourne. 

WESTERN AUSTRALIA: Wiliiam J. Hancock, Bank of 
New South Wales Chambers, St. George’s Terrace, Perth. 


BBNEYOLENT FUND. 

COMMITTEE OF MANAGEMENT. 


Representing the Csuncil : 

H. J. Cash. Sir A. M. J. Ogilvie, K.B.E., C.B. 


J^R. CowiE. 
S. Evkrshed. 


Dr. A. Russell. 

A. A. C. SwiNTON, F.FXS. 


Representing the Contributors 

W. B. Esson. 

J. K. Kingsbury. 

Colonel II. C. Sparks, C.M.G., D.S.O., M.C. 


And the Chairmen of the Local Centres in Great Britain and Ireland. 
Hon. Secretary. — P. F. Rowell. 


LOCAL HON. TREASURERS OP THE BENEVOLENT FUND. 


If*#* Centre: F. W. Parkes. 

HoHh-Eastem Centre: P. F. Allan. 

North Midland Centre : W. Howard Brown. 
Sheffield Sub-Centre ; W. F. Mylan. 
North-Western Centre t J. Frith. 


Mersey and North XVales {Liverpool) Centre : W. Lang. 
Scottish Centre: E. T. Goslin. 

South Midland Centre : Colonel R. K. Morcom. 

( Bristol: T. Hood. 

{Cardiff: T. K. Lewis. 
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®|j« institotion of (Klfdrkal ®n0imfra. 

FOUr^OEO 1871 

Incorporated by royal charteI^ 1921 
Patron : His Majesty KING GEORGE V. 


COUNCIL, 1922^1923. 


ptgsi^cnU 

F. GILL, O.B.E, 

past^lpresidenta. 

Alexander Siemens.— 1894 & 1904. 

Colonel R. E. Crompton, C.‘B.-~~1895 & 1908. 

Sir Henry Mange; LL.D., C.I.E.~~1897. 

James Swinburne, F.R.S,—1902. 

Sir R. T. Glazebrook, K.C.B., D.Sc., F.R,S.--190(>. 
W. M. Mordey,~-1908. 

Dr. S. Z. de Ferranti.— 1910 & 1911. 

Sir John Snell.— 1914. 

Charles P. Sparks, C.B.E.-^1915 c<fe 1910. 

C. H. Wordingham, C.B.E.~-1917 & 1918. 
Roger T. Smith.— 1919. 

I^L. B. Atkinson.— 1920. 

J. S, Higheield.— 1921. 


Gbalrmeii and past^sdbalrmeii of Xocal eetttfeo 


Argentina Centre: 

(J. E. F. Webber, 

’‘"J. Wilson. 

Irish Centre (Dublin): 

F.. C. I lANncocK. 

*K. N. Eaton. 

Mersey and North Wales 
(Liverpool) Centre: 

B. Welbourn. 

North-Eastern Centre: 

1‘‘. G. C. Baldwin. 
n>uop. W. M. TiioR.vroN, 
O.B.E., D.Sc. 

North Midland Centre: 

W. B, WooDHOUSE. 

*W. E, Burn AND. 


I North-Western Centre t* 

A. S. Barnard. 

; nv. Walker. 

Scottish Centre: 

A. S. Hampton, 

' *E. T. (io.SLlN. 

South Midland Centre^ 

; Piv^F. W. Cramp, D.Sc. 

♦H. A. ChATTOCK. 

Western Centre: 

F. TrKmain. 

•A. C. MacWhirter. 


Picc^preaidents* 

W. H. Eccles, D.Sc., F.R.S. I C. C. Paterson, O.B.E. 
Prof.E.W.Marchant, D.Sc. | A. A. C. Swinton, F.R.S. 


* Past Chulraiea, 


f^onotatK! fTteaouret* 

Ser James Devonshire, K.B.E. 


OtbintiVi ibembera of OounciL 


J. W. Beauchamp. 

R. a. Chattock. 

F# W. Crawter. 

D. N. Dunlop. 

K. Edgcumbb. 

S. Evershed. 

A. F. Harmer. 

P. V. Hunter, C.B.E. 
Lt.-Col. F. a. Cortez 
Leigh, T.D., R.E, 


A. H. W. Marshall. 

Sir William Noble. 

Sir Andrew M. Ogilvie, 
K.B.E., C.B. 

A. Page. 

W. R. Rawlings. 

T. Roles. 

A. Russell, D.Sc. 

A. W. Tait, C.B.E. 

C, Vernier. 


Sectcta(f« 

P. F. Rowell. 


Bttbitofd* 

Allen, Atxfield & Cof, 

Clarence House, 24, Martin Lane, E.C^4. 


SoHcitotf* 

Bristows, Cooke & Carpmael,' 
2,, Copthall Buildings, E.C. 


LOCAL CENTRES AND SDB-GENTRES. 


ISHH GKMTRB (DUBLIH). 

Chatrman .—^E. C. Hamdcock. 

Hon. Secretary.—Vf. Tatlow, 44, KUdare Street, Dublia. 

MBBSBY AND HOME WILBS (DIYBBPOOI.) CBHTRB. 

Chairman .— 'B. Welboukn. 

Hkn. Secretary.—O. C. Waygood, 60, Manor Road, Meols, 
Hoylake, Cheshire. 


MORTH-B A8TBRN ^BBTIB* 

Chairman* —F, G. C. Baldwin. 

Hon* Secretary*^Vi. B. Poynder, Westbourne,** Grange 
Hoad, Newcastle-on-Tyne. 

Tees-Side Sub-Centre. 

Chairman *—^W. P. Richmond. 

Hon, Secretary. —W D. Lov^ell, 20, West Avenue, BiUingham, 
S tockton-on-Teea. 


(II) 
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LOCAL CENTRES AND SUB-CENTRES (Continued). 


NORTH MipLAND CENTRE. 

Chairman . B. Wood house, 

Ho}T*. Secretary. —J. D. Bailie, 05 -07, Bnuleatial Buildings, 
Park Bow, Leeds. 

Sheffield Sab-Centra. 

Chairman^ —IT. W’est. 

Hon. Secretary .— R. N. Patterson, Foster's Buildings, High 
Street', Shcrfield. 

NORTH-WESTERN CENTRE. 

Chairman .— A. S. Barnard. 

Hon. Secretary. —A. B. Malunson, “ Greystones," Hill Top, 
W'^ilmslow, Cheshire. 

SCOTTISH CENTRE. 

Chainr ./*.—A. S. Hampton. 

Hon. Secretary^ Taylor, 153, West George Street, 

rlon. Asst. Secretary. —F. Mitchell, 16, North St. 
Andrew Street, Edinburgh. 


Duffdee Sub-Centra* 

Chairman .— R. D. Archibald. 

Hon. Secretary .— \V. Frain, 38, Nethergate, Dundee. 

SOUTH MIDLAND CENTRE. 

Chaiiifflidn .— Prof. W. Cramp; D.Sc. 

Hon. Secretary .—Captain H. HocJper, 13, Phoenix Chambers. 
Colmore Row, Birmingham. 

East Midland Sub-Centre. 

Chairman .— W. Pearson. 

Hon. Secretary. —J. F. Driver, 65, Middleton Road, Lough¬ 
borough. 

WESTERN CENTRE. 

Chairman. —F. Tremain. 

Hon. Secretaries. —C. T. Allan, Royal Chambers, Park Place, 
Cardiff; A. J. Ostler, Corporation Electricity Depart¬ 
ment, The Exchange, Corn Street,. Bristol. 


ARGENTINA CENTRE. 

Chairman. —G. E. F. Webber. 

Hon. Secretary. —A. C. Kelley, 783, Calle Florida, Buenos Aires. 


STUDENTS’ SECTIONS. 


LONDON. 

Chairman.-^^. C. Warren. 

Hon. Secretary. —J. H. Reyner, 69, Station Road, Ching- 
^ord, E. 4. 

Hon. Asst. Secretary.--K. J. Howard, 115, Queen's Road. 
Wimbledon, S.W. 19. 

NORTHWESTERN. 

Chairman.—S. Chadwick. 

Hon. Secretary .— ^A. F. Steel, Insulation Section, Research, 
Metropolitan - Vickers Electrical Co., Ltd., Trafford 
Park, Manchester. 

SCOTTISH. 

Chairman.—}. F. Nielson. 

Hon: Secretary. —^R. T. Dickson, 3, Craignethan Gardens, 
Partick, Glasgow. 

NORTH-EASTERN. 

Chairman.—VJ. N. Kilner. 

Hon. Secretary. —F. N. Prangnell, 5, Gladstone Terrace, 
Gateshead. 


MERSEY AND NORTH WALES (LIYERPOOL). 

Chairman .— H. E. Dance. 

Him. Secretary.—B. D. Youatt, 6, Aspinall Street, Prescot. 

SOUTH MIDLAND. 

Chairman. —J. A. Cooper. 

Hon. Secretary .— C. E. Smethurst, The Magnet Club, 
Erdington, Birmingham. 

NORTH MIDLAND. 

Chairman .— W. R. T. Skinner, 

Hon. Secretary .— E. Barker, Beftch Grove, Tong Park, 
Baildon, Bradford. 

SHEFFIELD. 

C hair man .—^H. Taylor . 

Hon. Secretary .— ^T. E. Grebn, 40, Rushdale Road; Sheffield*. 


(Ill) 



LOCAL HOlOElll 

AMENTiMls A. C. Kelley, 783, f^alle Florida, Buenos 
Aires. 

CllIDl s Lawford S. F. Grant, G.P.O, Box 910, Montreal. 

ClPBs IlML, AID IHODESIAs Major Frank Pickering, 
P.O. Box 1351, Cape Town. 

BllMlMEs J. L. \¥. V. Jensen, Amicisvej, 16, Copen¬ 
hagen, V. 

FBINGE s J, Grosselin, 16; Boulevard Emile-Angier 16, 
Paris,,, 

HdLMlDs A. E. R. Collette, Heemskerckstraat, 30, 
The Hague. 

IMDIls C. C. T. Eastgate, c/o Octavius Steel & Co., 14, Old 
Court House, Calcutta, 

ITALY s G. Semenza, 30, Via Monte Napoleone, Milan. 

JAPAls I. Nakahara, No. 40, Ichigaya, Tanimachi, 
Ushigomekii, Tokio. 

IBW SOOTH 'KILESs J. E. Donoghoe, Bank of Queens¬ 
land Cha SNi s, 251, George Street, Sydney. 


SECKETAMIES ABKOID. 

MEW ZEALAND; J. Orchiston, Muritai, Eastbourne, V’cl- 

lington, 

NORWAY; M. L. Kristiansen, Chief Engineer, Kristiaiiia 
Telefonanloeg, Kristiania. 

QUEENSLAND; W. M. L'Estrange, Boundary Street, 

Brisbane. 

BOOTH AUSTRALIA; F. W. Wheadon, 37, Grenfell StiX'Ct, 

Adelaide. 

SPAIN; H. FIastings, Margenat II, Sarria, Barcelona. 

TRANSVAAL; W. Elsdon Dew, Box 45(53, Johannesburg. 

UNITED STATES OF AMERICA: Gang Dunn, 43 Exchange 
Place, New York City, U.S.A. 

VICTORIA; H. K. Harper, 22-32, William Street, iMeibourne. 

WESTERN AUSTRALIA; William J. Hancock, Bank of 
New South Wales Cliambers, St. George’s Terrace, iVTth, 


BENEYOLENT FUND. Midland 

COMMITTEE OF MANAGEMENT. 


Uepfeimthfg the Council: 

H, J. Cash. Sir A, M. J. Ogilvie, K.B.E., C.B. 
J, R. CowiE. Dr, A. Russell, 

S. SVERSHED. A. A. C. SWINTON, F.R.S. 


Representing the Contributors : 

W. B. Esson. 

J. E. Kingsbury. 

Colonel H, C. Sparks, C.M.G., D.S.O., M.C. 


And the Chairmen of the Local Centres in Great Britain and Ireland. 
Hon. Secretary, —P. F. Rowell. 


LOCAL HON. TREASURERS OP THE BENEVOLENT FUND. 


Irish Centre : F. W. Parkes. 

Norih'Easiem Centre : P. F. Allan. 

North Midlani Centre : W. Howard Brown. 
Sheffield Sub-Centre : W. F. Mylan. 
North-Western Centre : J. Frith. 


Mersey and North Wales [Liverpool) Centre : W. Lang. 
Scottish Centre : E. T. Goslin. 

South Midland Centre : Colonel R. K. Morc'^.m 
[Bristol: T. Hood. 

[Cardiff: T. H. Lewis. 
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